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"I also worried about the great empty area of southern Iraq where the Army would launch its attack. |
kept asking myself, ‘What does Saddam know about that flank that | don’t? Why doesn’t he have any
forces out there? The intelligence people suggested offhandedly, ‘Maybe he plans to pop a nuke out
there’ They then nicknamed the sector the ‘chemical killing sack.” I'd flinch every time | heard it. |
had a nightmare vision of Fred Franks and Gary Luck hitting that area only to have the Iraqis dump
massive quantities of chemicals while the Republican Guard counterattacked and fought us to a
stalemate. | became increasingly jumpy.”

General H. Norman Schwar zkopf, 1991
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PREFACE

Purpose and Scope

The purpose of this battlebook is to address operational health concerns in environments where
Nuclear, Biological, and Chemical (NBC) threats exist. Potential NBC threats range from
weapons of mass destruction to contamination of the battlefield by hazardous material. Medical
personnel, in conjunction with chemical personnel, must be able to advise commanders on a wide
range of issues including the health effects of NBC threats, protective clothing and measures, and
management of NBC casudties.

This manual is not an emergency response book or treatment guide. It is intended to provide a
quick reference for decision making as to whether to request expert consultation in a given area.
Except in extreme emergency, the contents should not be construed as definitive.

Intended Audience

The Medical NBC Battlebook is designed for the AMEDD soldiers in the field or training for the
field.

Use of Trade Namesor Trademarks

The use of trade names or trademarks in this publication are for illustrative purposes only. Their
use does not constitute endorsement by the Department of Defense.

User Comments

The proponent of the publication is The Office of the Surgeon General through the Center of
Heath Promotion and Preventive Medicine. Please forward al recommendations to Commander,
CHPPM, ATTN: MHCB-TS-OMH, APG-EA, MD, 21010-5422.

Gender Statement

Unless this publication states otherwise, masculine nouns and pronouns do not refer exclusively to
men.
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I ntroduction

References for Chapter One: FM 3-6, FM 3-7, FM 3-100, FM 8-10-7, FM 8-10-8, FM 8-10-17
(Draft), FM 8-42, FM 8-285, FM 100-5, FM 101-5, STP 21-1-SMCT, and TC 3-10.

The US Army conducts operations in areas where potential adversaries could use NBC weapons.
These weapons range from a megaton nuclear weapon used to destroy an entire city to a barrel of
industrial chemicals used to contaminate an important road intersection. In addition to their
destructive power, NBC weapons have political, psychological, operational, and strategic impact.
The use of passive measures such as proactive NBC defense procedures is a potential tool to
reduce the threat of NBC weapons. In the event of the use of NBC weapons, the medical
personnel must be prepared to provide a variety of services including medical treatment, site
hazard surveys, and medical hazard assessments.

Threats

Nuclear Weapons. Although the threat of global nuclear annihilation has diminished, Russia and
China still maintain large numbers of nuclear weapons. While direct confrontation with these
nations is not likely at the present time, medical units must still be prepared for such conflicts.
Severa potential adversaries such as North Korea, Irag, and Iran have tried to develop nuclear
weapons. These countries could use nuclear weapons either to gain a tactical advantage or as a
terrorist weapon. The employment of nuclear weapons in stability and support operations such as
Bosnia is not likely; however, commanders must be prepared for their use. With the advent of
new technologies, it is conceivable that a terrorist or terrorist organization could obtain a small
nuclear device. This device could then be used to hold a city or state at ransom. The employment
of nuclear weapons could rapidly escalate a stability and support operationa scenario into a major
war.

Radiologica Hazards. Adversaries and even terrorist could spread radioactive material in an
effort to deny US forces access to key terrain, roads, and buildings. The use of radiation dispersa
devices and destruction of local nuclear reactors by terrorists are examples of radiological threats.
Other radiological hazards present during deployments may include improperly dumped waste and
accidents involving radioactive commodities.

Biological Warfare. Biological warfare agents range in spectrum from sophisticated, specifically
engineered infectious microorganisms and toxins produced in modern biotechnology laboratories,
to simple expedient food contaminants employed by insurgents or terrorists. Hedth care
personnel must be alert to any increase in infectious disease rates or disease cases not commonly
found in the area of operations. Because the use of biological weapons is not always initialy
evident and symptoms may take days to weeks to appear, epidemiology may provide the first clue
to an attack.

Chemical Warfare Agents. Chemical agents are relatively smple to make and employ. Since
their effects are immediate and dramatic, chemical weapons are used to kill and injure and also for
terrain denial for persistent agents. For example, Iraq used large quantities of blister agentsin its
war against Iran. Although not classed as chemical warfare agents, incendiary/flame munitions,
phosphorus compounds, and irritants O-chlorobenzylidene (CS) and chloroacetophenone (CN)
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could be encountered by US forces in stability and support operations. Industrial chemicals,
either by accidents or intentional dispersion by adversaries, also pose possible threats to US
forces. In order to predict potentially hazardous situations, treat casualties, and decontaminate
areas and personnel, US forces should be aware of the industrial chemical hazards in their area.
Toxic industrial chemicas (TICs) and radioactive material are collectively referred to as toxic
industrial materias (TIMSs).

Lasers and Radiofrequency Hazards. The threat of laser injuries on the battlefield is both real and
significant. Lasers of many types, powers, and wavelength characteristics have been integrated
into and are used by most force structures of the world. While the US and many other countries
prohibit the use of lasers specificaly designed to cause permanent blindness, the threat from such
weapons must be considered. While the main symptom of laser injury is reduction in visual
acuity, they may also be used to dazzle or startle. The US and many other countries currently use
lasers as range finders and target designators. These sources, as well as radiofrequency sources
used in communications, target detection, and a multiple of other uses, present occupational
health hazards if used improperly.

The Range of Military Operations

The US seeks to achieve it strategic objectives in three diverse environments. peacetime, conflict,
and war. The Army classifies its activities during peacetime and conflict as operations other than
war. Some operations such as Joint Endeavor in Bosnia are also referred to as support and
stability operations. During peacetime and conflict, possible NBC threats include terrorist use of
biological weapons or covert release of toxic industrial materials. During war, nuclear and
chemical weapons are also possible NBC threats.

Units of Special Consideration for Medical NBC Operations

General. This section briefly discusses some of the possible units that would be involved in the
medical NBC aspects of operations. Each operation will have a unique combination of these
units, therefore prior coordination before deployment is suggested.

Intelligence - S2/G2. The S2/G2 section gathers and prepares intelligence about the enemy and
the terrain. When preparing for deployment, commanders can obtain information on the types of
endemic diseases in the area, the biological and chemical agent potential, and other medica
threats. Additionally, once deployed, the S2/G2 maintains records regarding NBC use and
potential use in the theater. With this information, the commander can brief his troops to enable
them to recognize signs and symptoms of possible biological agent use, or endemic disease
outbreaks. The commander can also ensure that his troops are either in MOPP or prepared to
assume a MOPP when necessary. To determine the relative safety of his facility, the commander
directs his S2/G2 to conduct a vulnerability analysis of their position. The S2/G2 produces
intelligence information about the enemy's NBC equipment and activity; he provides a detailed
characteristics review of an area. Weather and terrain information, coupled with the enemy's NBC
equipment and doctrine, result in an understanding of whether the environmental factors are
conducive to employment of NBC weapons. The S2/S3 coordinates with the supported units to
determine the casualty estimates. NBC threat assessments require coordination with the unit
NBC officer or NCO.
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Civil - Military Affairs - S5/G5. The S5/G5 section may be able to provide or locate information
about industrial operations in the area of concern. The S5/G5 may require technical expertise for
the risk communications with the local populous if they believe that the US military has
contaminated their area. The risk communications program at Center for Health Promotion and
Preventive Medicine (USACHPPM) can provide support.

Chemical Units. Chemica units can provide assistance with decontamination of personnel and
equipment. Special NBC surveillance units consisting of BIDS and FOX vehicles can provide
early warning of chemical and biological attacks. The Technical Escort units usualy handle the
transportation of samples of suspected NBC agents.

Ordnance and Supply Units. Explosive Ordnance Detachments normally handle or coordinate the
removal of al unexploded ordnance. The Industrial Operations Command (I0C) assists in the
removal, storage and processing of equipment from the battlefield. Preventive medicine units
need to coordinate with both the maintenance companies and 10C to ensure proper health physics
practices. The Army Materiel Command (AMC) is the Nuclear Regulatory Commission (NRC)
license's holder for most of the radioactive itemsin the field.

Engineer Units. Engineer units can assist in the construction of decontamination pits and possibly
provide information about local industrial and environmental hazards.

Specia Operations. Specia Forces present unique medical NBC challenges. During operations
deep in the enemy's rear area, the Specia Forces units may encounter NBC agents from severa
sources. For example, the US forces may strike against the enemy's storage and production sites
of NBC weapons releasing hazardous agent. Covert units operating near those areas may be
exposed to the agent. Since the specia forces units operate in the enemy's rear area, these forces
cannot expect usual Army Medica Department (AMEDD) support in terms of evacuation and
hospitalization, so they will probably be responsible for their own NBC medica support for an
extended period of time.

Medical Units. The FM 8-10 series fully describes medical operations during deployment. Refer
to these manuas for the mission and capabilities of the Theater Army Surgeon, Medical
Command, and subordinate units.

Specia Medica Units,

A. Theater Army Medical Laboratory (TAML). TAML's mission is to identify and evauate
health hazard in an area of operations by using laboratory analyses and rapid health hazard
assessment of nuclear, radiological, biological, chemical, endemic disease, environmenta and
occupations heath threats.

B. Preventive Medicine Detachment. This detachment provides technical consultation support
on preventive medicine issues throughout its area of responsibility. The unit provides specialized
support in the areas of disease and non-battle injuries (DNBI) surveillance, health physics, disease
vector identification, environmental engineering, health threat profile, and health hazard
assessment. Its medical NBC capabilities may include but are not limited to:

(1) Collecting water and ice samples for NBC surveillance.

(2) Establishing and maintaining chain of custody for samples, and forwarding samples to
supporting laboratory for identification.
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(3) Coordinating with NBC reconnaissance and biological detection units for the analysis of
environmental samples.

Sour ces of Intelligence

The S2/G2 should be the main source of intelligence for the unit.

Armed Forces Medica Intelligence Center (AFMIC) can provide intelligence about the medical,
environmental, and industrial threats in the area of concern. The AFMIC Bulletin Board System
(BBS) is an automated online system for the dissemination of unclassified medica intelligence
products. This system is designed to provide consumers with timely, user friendly access to
AFMIC products. AFMIC also produces the MEDIC CD. (See Points of Contact Section).

Central Intelligence Agency (CIA) World Factbook - The CIA World Factbook is an unclassified
publication that provides general political and economic data on all countries of the world. It is
updated annually. In addition to hardcopy publication, it is aso available on the CIA home page
on both the Internet and INTELINK. There is aso a classified supplement that provides
information on military, security, and intelligence forces worldwide. The web address is
www.odci.gov/cia/publications/factbook/index.html.

INTELINK has been described as the "classified on ramp to the information superhighway." All
national level intelligence organizations, including AFMIC, have home pages on INTELINK. All
AFMIC products are placed on INTELINK. In addition, each Unified Command Joint
Intelligence Center has a home page. Within the Intelligence Community, INTELINK rapidly is
becoming the preferred method of dissemination. Many recent intelligence publications are found
on the INTELINK. If preferred, INTELINK has a print capability. The Central Intelligence
Agency has a home page where users may access the World Factbook. The State Department
home page contains State Department Country Fact Sheets, Embassy information, and travel
advisories.

Other commercial databases are available that address areas of interest to medical planners, such
astravel medicine.

Environmental and Industrial Threats.

A. The intelligence community, to include the AFMIC, CIA, and DIA (Defense Intelligence
Agency) has taken measures to produce intelligence products geared toward environmental
threats (both potential and actual) that can impact US Forces. Several actua and potential
environmental threats imposed on US Forces have demonstrated the necessity of this type of
information. Past and present environmental and industria threats include the Kuwait Oil Well
Fires, the destruction of a chemical weapon depot near Khamisiyah in Irag, and the localized
contamination of air and soil from hazardous waste sites in Bosnia-Herzegovina during Operation
Joint Endeavor. The intelligence community has begun to investigate and archive information on
pertinent environmental threats to include those from toxic industria chemicals (TICs), chemical
and biologica weapons, and radiological sources.

B. Sources of Intelligence. Intelligence about environmental and industrial hazards should be
requested through the standard channels for intelligence. Being as specific as possible when
requesting information through the intelligence channel alows the intelligence analyst to obtain
the appropriate data. Additional information may be gathered through the S5/G5. They may be
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able to gather local information about industrial and other sites. A review of loca environmental
protection laws and their implementation may provide useful information in determining possible
hazards from industrial pollutants and waste. The web can offer additiona information. For
example, three web sites that list the nuclear reactors in the world can be found in Chapter 3.

C. Possible Threats. The sources of environmental and industrial hazards may be quite extensive
if the operation isin an industrialized area. Any site that stores or uses toxic material may pose a
threat to US service members even if the site is operating under normal conditions. Industrial
sabotages, such as, destruction of a large industrial complex could release potentially toxic
substances. Possible sites prone to threat include hospitals, mines, and manufacturing facilities.
Table 1-A summarizes the typical industrial and environmental threats that a deployed U.S. Force
may encounter with respect to site characteristics.

D. Threat Information. For each of these threats and site types, several items are required to
complete an environmental threat assessment. Since the pertinent site information is normally
classified, secure communications may be needed.

Table1-A: Industrial and Environmental Threatsto the Deployed Force

Environmental Threat Type of Site

Toxic Industrial Chemicals | Manufacturing sites, ail refineries, chemical productions facilities,
Universities and colleges, hospitals, storage tanks, waste dumps

Chemical/Biological Manufacturing and storage and disposal sites

Weapons

Radiologica hazards Nuclear power plants and refinery sites, nuclear weapons plants,
storage areas, hospitals, Universities and colleges

All hazards Railroads and major roads

Table1-B: Required Site Information

Site Information Comment
Geographic Location Latitude/Longitude; Surrounding Environment including
population
Background Type and History of Facility
Equipment Maintenance Has equipment been maintained and at what level

Stored or Manufactured Chemicals Type(s) of Chemicals (i.e., chlorines, etc.)

Amount/Quantity of Stored Pounds or Tons; actual or estimated; specific emission
Chemical(s) inventory data
Type of Weapons, Munitions Size, payload, quantity, agent purity

Background Pollutant Levels Overdl pollution levelsin Region
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Pre-deployment

NBC Common Skills Tasks. All service members, including medical personnel, must be
extremely proficient at the NBC common skill tasks. These tasks are given in STP 21-1-SMCT,
Soldier's Manual of Common Tasks: Skill Level 1. These tasks include putting on the protective
mask, donning MOPP levdl, first aid, and buddy aid. The first aid task is ADMINISTER NERVE
AGENT ANTIDOTE TO SELF (SELF-AID), task number 081-831-1030. The buddy aid task is
ADMINISTER FIRST AID TO A NERVE AGENT CASUALTY (BUDDY-AID), task number
081-831-1031.  Actions taken during first aid, buddy aid and decontamination
predominantly determine the extent of the injury and the probability of survival for
casualties from chemical weapons. This is one of the most important concepts in this entire
handbook. This fact is not understood or accepted by soldiers or leaders. In generdl,
decontamination must be done very quickly after aletha doseis delivered.

Suggested training courses for individuals (see Points of Contacts chapter for phone numbers for
the various organizations):

A. Medical Management of Chemica and Biological Casualties Course. Offered jointly by U.S.
Army Medical Research Institute of Chemical Defense (USAMRICD) and U.S. Army Medical
Research Institute of Infectious Diseases (USAMRIID).

B. Medica Effects of lonizing Radiation (MEIR). Offered by Armed Forces Radiobiology
Research Institute (AFRRI).

C. Hazard Material Training (HAZMAT). Offered by various organizations including
USACHPPM.

D. Laser and Radiofrequency Radiation Hazards. Offered by USACHPPM.
E. Nuclear Hazards Training Course. Offered by Defense Special Weapons Agency.
F. NBC PROFIS Course. Offered by NBC Office, AMEDD Center and School.

Suggested References to take on a deployment: FM 3-5, FM 3-7, FM 8-9, JP 3-11 (Draft),
USAMRICD’s Medical Management of Chemical Casualties, and USAMRIID’s Medical
Management of Biological Casualties. The AMEDD NBC Science Branch has a 3 CD set of
references.

Individual. All service members should know the mission of their unit and determine their role in
the unit. Reviewing the Army Training and Evaluation (ARTEP) of the unit is a good source of
this information. In addition to tactical information, individuals must also be aware of the current
technical and doctrina information available through reviewing the appropriate references. For
example, medical personnel concerned with radiological hazards should review the latest version
of the NATO ACE Directive 80-63 if appropriate.

Unit. All units need to exercise their NBC capabilities. Depending on the mission of the unit, this
training could include sample collection and management of suspected NBC agents, casualty
decontamination and treatment, preventive medicine practices, and hazard assessments. Units
need to determine and contact possible supporting and supported units. Contact should be made
before deployment to allow for smoother operations.
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Deployment

The section uses the outline of an operations order: Situation, Mission, Execution, Service
Support, and Command and Signal.

SITUATION.

A. Overal Situation. Determine overall situation including the type of military operation such as
peacekeeping, conflict, or war.

B. Threats. Determine the threat to US forces including that from terrorism and possible
industrial hazards. Needed information includes NBC threats, Conventiona threats, and
Industrial and environment threats.

C. Friendly Forces. Determine the mission of your unit including your higher command,
supporting units, and supported unit. Determine the other medical assets in the area of
operations.

D. Climate and terrain. The climate and terrain of the area of concern may provide help in
determining possible threats to troops.

(1) Heat stress. Refer to FM 3-7 for information on heat stressin MOPP levels.

(2) Weather affects on NBC Agents. Since the weather affects many NBC agents, some
conditions favor the selection of one agent over another. For example, mustard will persist in
a colder climate for a much longer period than it would in a jungle environment. The
following are the weather conditions givenin FM 3-7.

(a) Inversion Temperature Gradient. This condition usually exists on a clear or partialy
clear night when middle and low clouds cover less than 30 percent of the sky, and on early
mornings until about 1 hour after sunrise when the wind speed is less than 5 km/h--ideal
for enemy employment of chemical agents.

(b) Neutral Temperature Gradient. This condition usually exists on heavily overcast days
or nights at 1 or 2 hours before sunset or 1 to 2 hours after sunrise when the middle and
low clouds cover more than 30 percent of the sky. Independent of cloud cover and time
of day, a neutral condition may also exist when the wind speed is greater than 5 km/h.
Additionaly, periods of precipitation are normally accompanied by a neutral condition. A
neutral temperature gradient is most favorable for enemy use of biologica agents.

(c) Lapse Temperature Gradient. This condition normally exists on a clear day when the
middle and low clouds cover less than 30 percent of the sky and when the wind speed is
less than 5 km/h. It is the least favorable condition for the enemy to employ chemical or
biological agents. When a lapse condition exists, area coverage without diffusion will be
enhanced with a steady low wind speed of 3to 7 km/h.

E. Endemic Diseases. AFMIC can provide information about the endemic diseases in the area of
operations. Additionally, information should be obtained about the diseases endemic to each
participating country if the mission involves multinationa forces.

MISSION. The following are possible missions dealing with medical NBC.
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A. Casuaty Decontamination. Contaminated casualties entering the medical treatment system
are decontaminated through a decentralized process. Cross contamination risk to casualties and
evacuation and treatment personnel are greatly reduced by earlier removal of gross contamination
from casualties. Remova of contaminated clothing and equipment can provide significant hazard
reduction to the entire medical/evacuation process. This is initially started through self-aid and
buddy-aid procedures. Later, units should further decontaminate the casualty before evacuation.
Patient decontamination stations are established at the field medical treatment facilities (MTF) to
decontaminate individuals as required (clothing removal and spot skin decontamination) prior to
treatment and further evacuation. According to FM 8-285, non-medical members of the
supported units man these stations under medical supervision. Medical supervision is required to
prevent further injury to the patient and to provide emergency medical treatment during the
decontamination process. There are insufficient medical personnel to both decontaminate and
treat patients. Medical personnel will be fully employed providing treatment for the patients
during and after decontamination by non-medical personnel. Decontamination is accomplished as
quickly as possible to facilitate medical treatment, prevent the patient from absorbing additional
agent, and reduce the spread of chemical contamination. (For details on patient decontamination,
see Appendix C of FM 8-10-7, and Chapter 9 of FM 3-5.)

B. Treat NBC Casudties. Medical treatment facilities should be prepared to treat the wide range
of injuries and the possible large number of casualties from NBC weapons.

C. Evacuation. Evacuation of NBC injured casualties entails more than transportation. Since
some casualties may be contaminated, the casualty evacuation system must be organized in a way
as to minimize the spread of contamination. Since mass casualties may occur, and the number of
medical vehicles may be inadequate to meet the increased load, unit commanders need to have
contingency plans to supplement medical vehicles for casualty evacuation, or be prepared to retain
casualties within their units for longer periods of time.

D. Disease and Non-battle Injury (DNBI) Surveillance and Epidemiology. DNBI is the military
method for reporting the number of sickness and injuries. Each medical treatment unit should
submit a DNBI report through its chain of command daily. Epidemiologists can use such data to
detect food borne iliness, naturally occurring outbreaks of infectious diseases, and possible uses of
biologica agents. While this is valuable to template routine disease trends, this is extremely
critical in a biological warfare environment. Therefore, each theater should implement a DNBI
collection system and report the data such that it is meaningful to (and for) the senior maneuver
and medical commanders.

(1) Systematically gather information to input into an automated surveillance system that will
produce real time tactically significant health threat profiless. USACHPPM has developed
such a system and can provide assistance.

(2) Provide guidance to the command concerning preventive medicine measures (a medical
assessment of the command and the potential impact of DNBI on military operations).

E. Detection of Suspected NBC Agents. It is not always evident when biological, chemical, or
radiological weapons have been used. For example, several days will pass between the release of
anthrax and the appearance of the first symptom. One method to detect the use of NBC agents
before the appearance of symptoms is to sample the environment and troops. Personnel
monitoring using radiation survey instruments should be done if radioactive contamination is
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suspected. Depending on the units present, severa different units may be given the missions of
collecting, transporting and analyzing suspected NBC agents. Unit level equipment currently only
detects standard chemical warfare agents, and then only at or near the first effects level. Chemical
units use the FOX to detect chemical agents and the BIDS to detect biological agents. The FOX
vehicle is excellent at detecting and identifying liquid contamination, as long as the hazardous
substances are in its mass spectrometer data library. The FOX IS NOT a good hazard detector if
only sampling the air. Advanced detectors such as Portal Shield may also be in theater.
Preventive medicine units have limited collection and analysis capabilities for both toxic industrial
materials and NBC agents. The 520" TAML is capable of detecting very low levels of biological
agents, chemical agents, radiological material, and toxic industrial material. Tech Escort units are
capable of both the collection and transportation of suspected NBC agents. In addition to unitsin
the area of operations, other military units such as USAMRICD and non-military government
organization such as the Centers for Disease Control and Prevention (CDC) also play a role in
analyzing NBC identification and detection of suspected NBC agents. The interaction between all
these units depend on the exact units present and thus can not be discussed in this document.

F. Medica and Environmental Surveillance. To ensure the health of service members, the US
routinely collects data about the environment where troops are located or operate. For example,
the 520" TAML collected air, water, and soil samples in Bosnia for analysis by USACHPPM.
This data help to identify possible health threats to US forces. Both TAML and preventive
medicine units, along with Naval and Air Forces units, usualy have this misson. All data
collected on the environment and the hedth of the troops during a deployment should be
forwarded to USACHPPM for archival.

G. Hedth Hazard Assessments. Medical units may be requested to provide health hazard
assessments of potential industrial and environmental hazards. For information on risk
management, refer to FM 101-15 or request help from USACHPPM.

EXECUTION.

A. Sample Management of Suspected NBC Agents and Environmental Samples. Because
suspected NBC samples have national security implications, all such samples must follow a chain
of custody. Each theater should develop a SOP on sample management to include who is
responsible for sample collection, transportation, and analysis. This SOP should be thoroughly
developed and trained. The unit should first coordinate with the analysis laboratory for proper
shipping instructions. If the sample is a suspected NBC agent, further coordination with a
Technica Escort Unit will be necessary to ensure the proper chain of custody.

B. Coordination. Identify and coordinate with supporting and support units. For example, the
preventive medicine detachment should coordinate with TAML if environmental samples will be
taken and then passed to them for analysis. If it isamultinational mission, identify and contact, if
appropriate, the officesin the Allied forces similar to those required within US structure.

SERVICE SUPPORT.

A. Personnel and Material Requirements. Software is being developed by the Army Office of the
Surgeon Genera (OTSG) to determine the personnel and material required for the treatment of
casualties from NBC weapons.
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B. Casuaty Decontamination. MTFs must coordinate with surrounding units to provide them
with augmentees in case of contaminated casualties.

COMMAND AND SIGNAL. The NBC reporting system is detailed in the first Chapter of FM 3-
7. All Units should have a copy of this document. JP 3-11 (Draft) includes the new reporting
system for toxic industrial material. That material is not included in this document since it is till
in draft form.

General Operational Guidancein NBC Conditions

The US Army’s general operational guidance for operations in NBC environment is See, Shield,
Shape, Move, and Strike. This guidance is detailed in the latest draft of FM 100-5.

FMs 8-9, 8-10-4, 8-10-6, 8-10-7, 8-285, and 8-55 contains information for use in planning Health
Service Support operations in an NBC environment.

Casudlty Predictions. NATO publication AMedP-8 gives the casualty predictions for various
NBC weapons in tactical situations.

Personnel and Medical Unit Requirements. Medical assets must apply NBC protection, detection,
and decontamination procedures to maximize and sustain unit capabilities. However, NBC threat
conditions may necessitate preparation of medical support to regenerate or reconstitute supported
units severely debilitated by NBC attacks. Hospitals should be dispersed away from potentia
target areas to improve the survivability of these facilities. This mitigation technique, however,
cannot be relied upon to prevent significant loss of medical treatment capability. Planning for
whole unit replacement must be considered.

Medical Readiness. The steps taken before an attack occurs will be the most important in
determining how many and how severe the casualties will be. Each area of operations should
have established policies on chemoprophylaxis, pre-treatment and vaccines dependent on the
threat. These policies should be disseminated to the medical units.

Medica Triage. The use of NBC weapons may create a mass casuaty situation for the medical
treatment facilities. Treatment facilities should review their mass casualty procedures and
understand the special implications of NBC weapons. For example, the total radiation dose to a
service member from the prompt radiation of a nuclear blast is a factor in determining the triage
category of the individual. Medical personnel conducting triage must give specia consideration to
combined injuries (conventiona injuries occurring simultaneously with NBC agent contamination
effects). Combined injuries may necessitate lower priority treatments, in mass casualty
circumstances, since these injuries together are likely to be significantly more severe than either
conventional-only or NBC-only injury cases.

Surgical Protection. Surgery of the contaminated wound offers minima danger to medical and
nursing staff if gloves made of butyl rubber are worn. If these are not available then two pairs of
latex rubber gloves should suffice if washed at short intervals in hypochlorite solution and
changed frequently.

Coallective Protection. Collective protection provides the capability to medically manage severely
toxic or injured decontaminated casualties in an environment where medical personnel are
unencumbered by wearing individual protective equipment. Likewise, the casualties benefit from
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the capability of the medical unit to make full use of available medical equipment and procedures.
A significant percentage of casualties (15-30%) can not be adequately treated in a contaminated
environment without collective protection given their treatment requires the remova of their
protective mask. If only a vapor hazard exists in the area, it may be feasible to work within that
area at less than full individual protection, such as using respiratory and eye protection. Limited
medical care can be achieved in this manner, but full examination and definitive surgical treatment
is difficult without full collective protection.

Coordination with Other Allies.

A. Mutual medical support plans should be established between alied forces operating in
adjacent sectors. Such plans should be smple and easily implemented and should include
provisions for periodic review and revision to keep step with changes in troop levels and unit
deployment.

B. Allied nations have different occupational hedlth and wartime standards and doctrine. US
forces should familiarize themselves with the standards of the host nation and that of its alies. If
US forces fall under NATO command, NATO STANAGs will provide additional guidance and
doctrine. For example, NATO ACE Directive 80-64 provides doctrine guidance for operations
near toxic industrial chemicals.

Contamination of Supplies. In the presence of a NBC threat, equipment and supplies should be
kept in unopened, sealed or covered containers until required for use. The use of chemical agent
resistant material will provide good protection against liquid contamination, but even the use of
conventional tentage will significantly reduce contamination by aliquid agent for a limited period.

Protection

Protective Masks. Military protective masks may not protect against toxic industrial chemicals.
Civilian protective mask used in industrial hygiene and hazardous waste operations may not
protect against military NBC agents. It is imperative to ensure that the protective mask being
used is appropriate for the situation. USACHPPM and SBCCOM can assist in the selection of
the proper masks.

A. Unmasking Procedures without detection equipment. In shady area, have one or two soldiers
take a deep breath, hold it, and break their mask seals for 15 seconds with their eyes open. Have
them clear and resea masks. Observe for 10 minutes for symptoms. If no symptoms appear,
have the same soldiers break their mask sedls, take two or three breaths, clear and reseal masks.
Observe for 10 minutes for symptoms. |If no symptoms appear, have the same soldiers unmask for
5 minutes and then remask. If no symptoms appear in 10 minutes, it is safe to give the clear
signal. Continue to observe the soldiersin case delayed symptoms develop.

B. Unmasking Procedures with M256 or M256A1 Detector Kit. Test with detector kit. If the
test is negative, have one or two soldiers move to a shady area if possible and unmask for 5
minutes. Have the soldiersremask. Observe them for 10 minutes for symptoms. If symptoms do
not appear, it is safe to give the all clear signal and unmask. The senior leader present may ask
higher headquarters for permission. Continue to observe the soldiers in case delayed symptoms
develop.
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MOPP Levels. Soldiers may leave the overgarment jacket open at MOPP1, MOPP2, or MOPP3
allowing greater ventilation. Soldiers may leave the hood open or rolled at MOPP3. At MOPP4,
the overgarment jacket must be closed and the hood must be rolled down.

A. Edtimated length of Chemica Hazard. The estimated time before decreasng MOPP
level/lunmasking after a confirmed chemical hazard depends greatly on the hazard environment
and weather. Chapter 3 from FM 3-7 lists the estimated hazard time for various situations.

B. MOPP Gear Exchange. See Chapter 3 from FM 3-7.

Collective Protection. To achieve collective protection requires 0.5 inches of water overpressure
for softwalled shelters such as tents and 0.2 inches for tight concrete shelters and well-sealed
rooms. The requirement for air volume flow (in cubic feet per minute) to achieve such pressures
is 0.0367 times the room volume in cubic feet for 0.2 inches and approximately 0.07 times the
room volume for 0.5 inches. The M20 blower unit can provide 200 cubic feet per minute of
airflow. Use plastic sheets and 100 mph tape to sea al cracks, windows, ducts, fase cellings,
electric outlets, etc. to create an airtight environment. (This information was provided by Army
document M 27APPE-219, 76-332-219).

Table 1-C: MOPP Levelsfor Soldiers Not in Collective-Pr otection

Level MOPP Gear
Zero Overgarment Carried
Overboots Carried
Mask & Hood Carried
Gloves Carried
1 Overgarment Worn
Overboots Carried
Mask & Hood Carried
Gloves Carried
2 Overgarment Worn
Overboots Worn
Mask & Hood Carried
Gloves Carried
3 Overgarment Worn
Overboots Worn
Mask & Hood Worn
Gloves Carried
4 Overgarment Worn and Closed
Overboots Worn
Mask & Hood Worn and hood rolled down
Gloves Worn
* During an engagement, the commander may alow personnel protected from liquid
agents to operate temporarily without protective gloves. This option could dightly
increase the potentia for casualties.

Reference: Table 2-14 from FM 3-7.
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Table 1-D: MOPP Levelsfor Soldiersin Collective-Protection

Level Ventilate Facepiece Overpressure
Zero | Assume MOPP zero. Assume MOPP zero. Overpressure off.
1 Assume MOPP 1. Assume MOPP zero or MOPP 1. Overpressure on.
2 Assume MOPP2. Maintain MOPP zero or MOPPL. Overpressure on.
Entry exit procedures not required.

3 Assume MOPP3. Maintain MOPP zero or MOPPL unless interior is
When mounted, connect contaminated. Overpressure on. Exit and entry
ventilated facepiece to mask. procedures required if an attack occurs.

4 Assume MOPP3 or MOPP 4. Maintain MOPP zero or MOPPL unless interior is
When mounted, connect contaminated. Overpressure on. Entry/exit
ventilated facepiece to mask. procedures required if an attack occurs.

*  During an engagement, the commander may alow personnel protected from liquid agents to
operate temporarily without protective gloves. This option could dightly increase the potential
for casualties.

Reference: Table 2-14 from FM 3-7.

Decontamination

See Appendix C of FM 8-10-7 for guidance on patient decontamination. Information about
decontamination of specific agentsisfound in the scientific chapters and in the equipment chapter.

General. For chemica weapons, it isimperative that at least limited decontamination is performed
as soon as possible. This will diminish the chance of recontamination of the casuaty, or
contamination of medical personnel and facilities from any agent left on the clothing or
equipment. The time it takes for a liquid agent on the skin or clothing to diminish due to
evaporations varies for minutes to hours and even days depending on the agent used.
Decontamination is a necessity and should be performed as soon as possible. Often careful
removal of the clothing and equipment, with spot decontamination of skin areas that may be at
risk of recontamination when the clothing is removed, will be just as effective as full
decontamination, and can be accomplished more quickly and with fewer personnel. Protecting the
wound from any further contamination with protective dressings is desirable. Further management
of wounds should follow normal treatment procedures.

Personnel. Coordinate with the supported unit to establish and train the decontamination team.
While it is the supported unit’s responsibility to provide decontamination teams, medical units
must be prepared to supervise them. Co-locate the decontamination site near the MTF.

Personnel Protection. Personnel performing the decontamination should wear appropriate
personnel protective equipment such as protective mask, gloves, and protective overgarments.

Monitoring. Some methods of monitoring contamination would be valuable in determining the
degree of decontamination required.

Disposal. To avoid chemica vapors, clothing and equipment removed from contaminated
casualties requires proper disposal. Several methods may be utilized for this purpose, such as
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impermeable bags or containers, or bleaching powders. Disposa sites for these items must be
marked in accordance with unit policy. See FM 3-7, Appendix C.

Patient Decontamination Procedures. These procedures are written for chemical warfare, but are
useful for all NBC. Medical personnel performing the decontamination should wear: mask,
gloves, and protective overgarments.

A. Decontaminate the patient’s mask and hood (M291/M258A1 kit or 0.5% chlorine solution).

Roll the hood or cut the hood off of the mask after decontaminating the hood.

. Remove gross contamination from the patient’ s overgarment.

. Remove patient’ s protective overgarment and personal effects.

B
C
D. Remove patient’s battledress uniform.
E. Transfer the patient to a decon litter.
F

Remove mask if environment permits. Decontaminate skin (M291/M258A1 kit or 0.5%

chlorine solution).

G. Transfer the patient across the shuffle pit through the point when the casualty is no longer in
MOPP protection AFTER monitoring the patient to ensure that all contamination is removed.

Table 1-E:

Equipment Needed to Decontaminate a Company

Three containers (2-gallon capacity). One will
hold an immersion hester.

One 50-pound drum of general purpose
detergent.

Three containers (3-gallon capacity). Four
additional containers required for radiologica
decon.

1-gallon container of mask sanitizing solution
per ten vehicles.

Two M258A1 or M291 decon kits per person.

Four M1 chemical agent monitors (CAMS).

Two boxes of plastic bags.

Four M8A1 automatic chemical agent darms.

Ten 50-pound drums of STB.

Two immersion heaters with fudl.

Two books of M8 paper per squad.

Two shovels.

Onerole of M9 paper per squad.

First aid supplies and antidotes.

Four long-handled brushes.

One M256A 1 detector kit per squad.

Four large sponges.

Onerole plastic per company.

Four bundles or rags.

One case paper towels per company.

Four cutting tools (scissors, knives).

Engineer tape.

Onefilter-air or filter canister per mask.

Protective mask PLL parts.

One hood per mask.

Three AN/PDR77 radiacmeters or AN/VDR

Overdress garments and one set of BDUs per
soldier if necessary

NOTE: If only one radiacmeter is available, use it at Station 5 to monitor personnel. Pile
together decontaminated equipment from Station 1 and decontaminated masks from Station 7.
After a squad has been monitored through Station 5, an attendant should monitor the equipment
pile.

Reference: Table 3-39 from FM 3-7.
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Table1l-F: Personnel Decontamination Lane

Station Per sonnel Equipment

Station 1. 2 attendants 3 30-gallon canisters, 2 long-handled brushes
Individual Gear 1 monitor (CAM 2 ponchos or plastic sheets, 1 CAM

Decon operator) 8 M8 detector paper, 4 M256A1 kits, 100 trash
bags

Station 2: 1 attendant 2 cutting tools

Overboot and 60 M258A1 or M295 (or one per person)
Hood Decon 2 ponchos or plastic tarps, 100 trash bags

Station 3: 1 attendant 10 M258A1/M 295, 2 30-gallon containers
Overgarment 100 trash bags

Removal

Station 4: 1 attendant 2 30-galon containers, 100 trash bags
Overboot and Engineer tape, Cutting tool

Glove Removal

Station 5: Monitor

1 CAM operator 1 or more CAM or PDR-77, 5 M8 detector

1 aidman or combat paper
lifesaver 24 M258A1/M 295
Station 6: Mask 2 attendants 1IM8A1 chemica darm
Removal

Station 7: Mask 2 attendants 4 3-gallon containers, 1 or more CAM or PDR-

Decon Point 1 monitor 77, 2 sponges, 1 case paper towels, 1 immersion

heater w/container, Mask sanitizing solution
Station 8: Reissue Unit supply NCO Mask PLL, Overdress garments and
Point Unit NBC NCO BDU'’sif appropriate

Reference: Table 3-40 from FM 3-7.
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M edical Evacuation and Decision Process

A number of ambulances may become contaminated in the course of battle. Optimize the use of
resources, use those already contaminated (medical or nonmedical) before employing
uncontaminated resources to transport contaminated causalities. Once a vehicle or aircraft has
entered a contaminated area, it may be along time before it can be spared long enough to undergo
a complete decontamination. Use ground ambulances instead of air ambulances in contaminated
areas, they are more plentiful, are easier to decontaminate, and are easier to replace. However,
this does not preclude the use of aircraft.

Contaminated casualties. The evacuation of casuaties with combined injuries requires careful
observation while on route to a surgical unit and autoinjector treatment should be continued if
signs of poisoning persist or worsen. Evacuating contaminated patients increases the likelihood
that the contamination will spread and it also the patient’ s exposure to the agent.

The relative positions of the contaminated area, forward line of troops, and threat air defense
systems will determine where helicopters may be used in the evacuation process. Some
helicopters may be restricted to contaminated areas. Ground vehicles should be used to cross the
line separating clean and contaminated areas. The routes used by ground vehicles to cross
between contaminated and clean areas are considered dirty routes and should not be crossed by
clean vehicles. Consider the effects of wind and time upon the contaminants; some agents will
remain for extended periods of time.

Always keep the rotorwash of the helicopters in mind when evacuating patients, especialy in a
contaminated environment. A helicopter must not land too close to a decontamination station
(especidly upwind) because any trace of contaminants in the rotorwash will compromise the
decontamination procedure.

The policy for medical evacuation out of the theater for casuaties from NBC agents should be
reviewed. The policy should address both contaminated casuaties and those exposed to
infectious diseases. Coalition/NATO allies may limit the number of evacuations through their
nation to limit any possible spread of infectious diseases. For example, are the standard
evacuation channels still open if the NBC agent used is Smallpox? Contagion spread may limit
evacuation in quantify areas. Quarantine plans should be adequate to support medical operations.
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Casualty Predictionsfor Nuclear Detonation

Table2-A: Radii of Effectsin Kilometersversus Weapons Yield

Effect 1KT 20KT | 100KT | 1MT | 10MT
Nuclear Radiation (1,000 cGy) 0.71 1.3 1.6 2.3 3.7
Blast (50% incidence of trandation with 0.28 1.0 14 3.8 11.7
subsequent impact with a non-yielding
surface)
Thermal (50% incidence of 2nd-degree 0.77 1.8 3.2 4.8 145
burns to bare skin, 10 km visibility)

Reference: Table 2-1 from FM 8-10-7.
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Table2-B:  Rangesfor Probabilities of Injuriesfrom Flying Debris
YIELD Range for given probability of seriousinjury in km
(KT) 1% Probability of 50% Probability of serious | 99% Probability of serious

serious injury injury injury

1 0.28 0.22 0.17

10 0.73 0.57 0.44

20 0.98 0.76 0.58

50 1.4 1.1 0.84

100 1.9 1.5 1.1

200 2.5 1.9 1.5

500 3.6 2.7 2.1

1000 4.8 3.6 2.7

Reference: Table 2-3 from FM 8-10-7.

Table2-C: Rangesfor Trandational Injuriesfor Different Yield Weapons
YIELD Rangein km for given probability of Rangein km for given
(KT) Blunt injuries & fractures probability of fatal injuries
>1% 50% 99% >1% 50%
1 0.38 0.27 0.19 0.27 0.19
10 1.0 0.75 0.53 0.75 0.53
20 1.3 0.99 0.71 0.99 0.71
50 1.9 1.4 1.0 1.4 1.0
100 2.5 1.9 1.4 1.9 1.4
200 3.2 2.5 1.9 2.5 1.9
500 4.6 3.6 2.7 3.6 2.7
1000 5.9 4.8 3.6 4.8 3.6
Data account for ground friction and consider only prone personnel.
Reference: Tables4-1V and 4-V from FM 8-9 (Part I).
Table2-D:  Probability of Radiation or Thermal Burns
YIELD OF WEAPON 1KT 10KT | 100KT | 1MT 10MT
Range (km) for production of second- 0.78 2.1 4.8 9.1 145
degree burns on exposed skin
Duration of thermal pulse in seconds 0.12 0.32 0.9 24 6.4

Reference: Table 4-VI from FM 8-9 (Part I) and Table 2-7 from FM 8-10-7.
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Figure2-A: Nuclear Risk Assessment
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Reference: Figure I-5 of Joint Pub 3-11 (Draft).

Medical Planning Specific to Nuclear War
Reference: FM 8-9 (Part I).

I ntroduction.

A. The problems facing medical planners and commanders in preparing for operations on a
nuclear battlefield can be divided into two distinct categories. The first category, staff-level
planning and operational activities, includes those actions that must be accomplished prior to the
initiation of a nuclear war to minimize the prompt effects of enemy nuclear attacks. The second
category, unit planning and operational activities, includes those actions which must be
accomplished at the unit level to minimize the immediate and delayed effects of enemy nuclear
attacks in order to ensure continued effective medical operations in a nuclear environment. This
chapter will address itself to some of the problems unique to these categories.

B. Medica commanders may expect at least 10-20 percent casualties (including fatalities) within
a divison-size force that has experienced a retaiatory nuclear strike. This prediction only
considers injury caused from the radiation, but not from secondary injuries such as displacement,
fals, fire, spills, flying fragments, rolled vehicles, etc as many of the injured will be suffering
combined injuries.

C. Research with animal models has led to the conclusion that the prognosis of patients suffering
combined injuries will be worse than the prognosis of patients suffering the same magnitude
radiation exposure. In fact, the LD50/60 may be reduced from 450 centigray (cGy) (freein air) to
aslow as 300 cGy (freein air). Theinference from thisinformation is that military personnel who
receive subcasualty-producing exposures of nuclear weapons effects might now require medical
attention because they have received combined injuries.

D. The electromagnetic pulse (EMP) produced by nuclear explosions will greatly impact medical
operations by interfering with electronic equipment. Medical equipment is generally commercia
“off the shelf” technology that cannot tolerate EMP. |f warned of a nuclear detonation, one can
prevent damage from EMP by turning off the equipment and, in some cases, burying the
equipment in the ground.

E. Planning for nuclear battlefields should be done within the context of biological and chemical
warfare as it is perceived that an enemy may employ any variety of their weaponry at any given
time.

Staff-level Medical Planning and Operational Activities

A. General. Nuclear weapons can generate more casualties than medical resources can normally
handle. Practical, problem-related preparation, training, and procedures must be in place to
minimize the medica shortfall.

B. Organization of the Medical Support System.

(1) Medica planners of each country will determine the type of organizational structure that
best meets their country's individua and specific needs. Regardless of the type of
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organizational structure that is finaly evolved, it will serve the functions for which it was
designed and be responsive to the requirements of the armed forces it will support.

(2) Nuclear weapons can rapidly destroy unwarned and unprepared battalion sized units.
Medical units are often co-located with other combat service support units. This proximity
may cause medical personnel to be in the nuclear target area. Decentralization, cross-training,
moving often, adding redundant capabilities, and conducting split-based operations are all
mechanisms. A balance must be made between:

(a) Convenience and immediacy of service to supported units prior to the war; and
(b) The survival of medical assets so that care can be provided once war has begun.

Coordination with Other Allies. In Combined Operations, media support is traditionally a
national responsibility. (Thisisthe existing NATO agreement). However, this policy is not likely
to be optima in an environment where nuclear weapons are employed. Mutual support plans
would greatly increase the ability to respond with sufficient medical capability. Standardization of
procedures and equipment (to the degree possible), familiarity with each other’s capabilities,
conducting mass casualty exercises and providing liaisons will greatly facilitate emergency
operations.

Casudty and Damage Assessment.

A. The staff of combat units generally has an efficient system of casualty and damage assessment.
After a nuclear detonation, the S2/S3 or the NBC cell will probably issue casuaty and damage
predictions.

B. An accurate prediction of the number of casualties resulting from a nuclear strike is necessary
for adequate medical support and should be made available to medical staff officers. Basic
casualty estimations should be broken down into types of casualties so that total bed requirements
can be more accurately predicted, particularly in view of the prolonged hospitalization associated
with the treatment of patients with burns and combined injuries. One enemy nuclear strike on a
given area can produce casualties far in excess of the treatment capability of local medica
resources. The effectiveness and adequacy of the rescue, evacuation, and treatment effort during
the first 24 hours after such an attack are critical. Area commanders must be informed rapidly of
the magnitude of the damage and the estimated medical load in order to provide rescue and
treatment resources in sufficient quantities or request the proper assistance from higher
headquarters, adjacent units, or allied units. NATO AMedP-8 (Draft) provides information on the
casualty rates from a nuclear detonation.

C. Various systems of casuaty and damage assessment have been developed. Such systems are
rather involved and depend on many variables such as method and time of delivery, type of burst,
size of weapon, weather and climatic conditions, wind direction and speed, fallout dose rate, etc.
The gathering and compilation of such data are time consuming and may not be accomplished
until many hours after the disaster. The US Army Office of the Surgeon Generd is developing a
system of casualty estimation that will provide rapid and reasonably accurate estimates of the
number and types of casualties produced by a given enemy nuclear attack.

D. Areas of radiation contamination cannot be determined by aeria reconnaissance. Significant
prompt radiation occurs only within the area of severe blast damage for ground bursts. Radiation
from large enhanced weapons exploded above the surface (airburst) would cause radiation injuries
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beyond the blast-damaged area. Fallout and residual radiation is a hazard for survivors, rescuers,
and medical personnel. Individual and unit dosmetry will be critical in assessing radiation
exposure and survivability potential.

Logistical Support System.

A. The success of medical support effort depends to a great degree on the adequacy of prewar
logistical planning and preparation. Logistical plans should provide not only for medical supplies
and equipment but also genera supplies, food, clothing, water purification apparatus, radiation
detection and measurement instruments, communications equipment, and modes of
transportation.

B. Thelocation of medical resourcesis extremely crucial. Resources must be close to the area of
probable greatest need without being concentrated in areas likely to become targets for enemy
attack. This means that medical planners must compromise between dispersal and the capability
of the logistical system to move supplies and patients. Medical planners should take advantage of
the various stages of military preparedness, which may precede the actual outbreak of hostilities,
to implement dispersal and augmentation plans that have been developed. Extensive pre-
positioning during peacetime is not practical because of the problems associated with long-term
maintenance of medical equipment and medications in storage.

C. Conservation of limited supplies requires efficient stock control procedures. Modern
automatic data processing systems can achieve the necessary degree of control when properly
used. However, when automatic data processing equipment is employed, consideration must be
given to the establishment of protected sites, aternate facilities, and hardening to reduce
vulnerability. Only alimited number of computer facilities will be available, and their protection is
essential. Their practicability in theaters of operation has not been demonstrated.

D. The supply system must also be prepared to provide for increased demands for certain types
of medical and general supplies and equipment, e.g., whole blood, blood expanders, burn Kits,
dressings, individual protective clothing, decontamination equipment, radiac instruments, etc.
Careful thought must be given to short- and long-range supply, equipment, and maintenance
requirements.

Personnel and Medical Unit Requirements. It is highly probable that entire medical units including
large hospitals will be lost or will become incapable of functioning because of large-scale lossesin
personnel and equipment. Hospitals should be dispersed away from potential nuclear target areas
to improve the probability of these facilities surviving nuclear weapons attacks. This mitigation
technique, however, cannot be relied upon to prevent significant loss of medical treatment
capability. Consequently, planning for whole unit replacement must be considered. These units
would come from existing military hospitals or from reserve civilian units, depending upon
relative availability and the mobilization plans of the individua country.

Medical Unit Planning and Operational Activities

A. General. Like the medical support system as a whole, the planning and operations of a field
medical unit are keyed to the nature and functions of the forces the unit supports. While the
problems to be confronted by medica units on the nuclear battlefield will be similar in some
respects to those associated with conventional warfare, there are some dramatic differences.
These include the vastly increased numbers of casualties to be handled, the need to operate in
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fallout, and the requirements to treat and decontaminate contaminated patients. These and other
problems related to unit planning and operations are described in this section.

B. Unit Mohility.

(1) With the changes in transportation capabilities and associated concepts of operations, the
mobility of modern military forces has a tremendous impact on how a medical unit must
function. It is essential that the medical facilities that are operating in close support of highly
mobile forces be as mobile as those forces. This imposes severe restrictions on how long they
can retain patients in one location. An efficient and flexible plan of evacuation is absolutely
essential in order for forward medical facilities to retain mobility.

(2) The classical concept of military medical care has been that a chain of surface or ground
evacuation is available. Using helicopter evacuation, immediate casualty collection points may
be bypassed so that wounded personnel can be taken directly to well-equipped hospital
facilities located relatively far to the rear reducing the need for an extensive ground evacuation
system. However, reorganization of the medical evacuation system in which the intermediate
elements are deleted, based primarily upon the proposed use of helicopter evacuation, may not
be possible or desirable. Helicopter evacuation may become severely limited if nuclear
weapons are used extensively, and the success of helicopter evacuation is certainly affected by
weather conditions and enemy air capabilities. Therefore, a ground based evacuation system
must be planned for since it could easily become the primary means of evacuation.

C. Rescue and Damage Control.

(1) Dispersal, communication discipline, rapid movement, and other techniques units use to
reduce the probability of being targeted by nuclear weapons aso make it more difficult for
medical units to plan for, and respond to, nuclear attack. Communication systems will also
likely be degraded in this environment. Medical planners must overcome these difficulties by
focusing on communication, coordination, and preparatory planning. Specifically, a close
liason must be established with the G3, G4, Chemica Officer, G6, and unit Surgeons.
Information of interest will include unit size, unit location and dispersal; unit defensive
postures, local medial support plans, local emergency plan, and the local nuclear weapon
response plan. The medica planner’s goal is a comprehensive mutually supportive medica
nuclear response plan. This plan must include an overarching plan with local annexes.

(2) Rescue operations, damage control, and medical operations are complementary and should
be closely coordinated. However, it should be borne in mind that even with outside medical
augmentation, the medical load will be overwhelming and every effort should be made to
conserve these resources so as to provide medical care for the maximum number of injured
personnel. Therefore, medical unit personnel should not be taken from primary patient care
duties and used to perform rescue and damage control operations. Rescue and damage
control personnel should be designated, trained, and equipped to render basic lifesaving first
ad.

(3) Rescue efforts may have to be conducted in the presence of fallout contamination or with
the possibility of fallout arriving at a later time. Radiation monitors should be available to
evaluate the radiation dose rates and verify stay times. Experts are needed to review the data
and provide specific recommendations to the commander as to the hazards present to include
the development of safety stay times in contaminated areas. Medical radiation experts are
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normally assigned to Medical Groups and to Medical Battalions. Where there is radiological
contamination, radiation dose rates may be so high that rescue operations become very
hazardous, and must be conducted with caution by members of organized rescue squads
specially trained and equipped to assess radiological hazards. Close coordination should be
established between medical elements and rescue, evacuation, and damage control elements to
facilitate establishing consolidated staging, treatment and evacuation sites in areas of relative
safety from residual radiation, secondary explosions, fires, etc.

Handling Large Numbers of Casuaties.
A. Triage of patients with possible radiation injuriesis covered later in this Chapter.

B. It may become necessary for all hospitals to be able to establish and operate a continuous
minimal treatment facility as part of the regular operational plan. This minimal treatment facility
would be used to house those patients who cannot return to duty and who do not require or
warrant hospitalization in the regular or intensive treatment part of the hospital. Thisis necessary
since, whether patients in an evacuation chain are hospitalized or not, they must be held
somewhere and accounted for. They must be housed, fed, and given at least minimal care, and
they must be near definitive medical care so that they can receive additional medica treatment in
an efficient manner when time and resources permit. In such a minimal treatment facility, the
emphasis would be on self-care since the staffing would have to be minimal.

C. The use of nuclear weapons may require evacuation of a large number of casuaties from
theater.

Command Radiation Guidance

References: FM 8-9 (Part 1) and NATO STANAG 2083.

Line commanders at all levels will require advice from medical advisors concerning the effects of
accumulated doses of radiation on the health of their personnel and the hazards of potentia
exposures when operations must be conducted in areas contaminated with fallout. This advice
must be practical and based upon an understanding of the requirements of the mission as well as
knowledge of the diversity of human response to radiation. The effects of radiation must not be
either minimized or exaggerated, and their proper place relative to the other hazards of combat
must be understood.

STANAG 2083 has been established, incorporating the most recent guidance on the operational
effects of radiation exposures.

If exposures can be maintained below 125 cGy, the overall effectiveness of combat units will not
be significantly degraded. However, if the exposures become relatively large (as may occur when
an aggressor uses nuclear weapons), then tactica commanders must be advised of their forces
capability to continue the fight. Figures 2-B and 2-C provide an estimate of the combat
effectiveness of combat units as functions of acute dose and time postexposure. These figures
have been developed from subhuman primate studies at the Armed Forces Radiobiology Research
Intitute (AFRRI) (for times less than 60 minutes, postexposure) and from an assessment of how
radiation sickness signs and symptoms will affect the performance of combat tasks (for times
greater than 60 minutes, postexposure). The prediction associated with those identified as being
"combat effective” is that they will be suffering radiation sickness signs and symptoms of such a
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nature that they will be able to maintain their performance of at least 75 percent of their
preexposure performance level. Those predicted as being "performance degraded’ could be
operating a a performance level between 25 and 75 percent of their preexposure performance.
Those predicted as being "combat ineffective’ should be considered as being capable of
performing their tasks at 25 percent (at best) of their preexposure performance level. Of course,
these predictions are based on combatants suffering only one stressor, that being ionizing
radiation exposures. The prediction of performance capacity of those having received ionizing
radiation exposures will now have to be considered together with how other stressors
(conventional injury, endemic disease, continuous duty (sleeplessness), time in combat, fatigue,
etc.) might affect the total performance capability of the force. Also, other refinements to the
method should be considered; by example, the description of al tasks, as being either physically
demanding or physically non-demanding may be too smplistic. For instance, tasks that require
great, continuous concentration (e.g., monitoring of radar screens) may not fit well into these
gross categories.

Figure2-B: Expected Responseto Radiation for Physically Demanding Tasks

TTITT T T TTITTE] T TETTI I T TTITmg LI R R AR

10,003

COMBAT DEATH
INEFFECTIVE

1=

PERFORMANCE
DEGRADED

103 = 1 HOUA 1 DAY 1 MONTH
Eriaiuil i |£||I|ll P8 §ajiaiqil i1 juiEil .{ By 8 i
L] 0] L =] 10,200 nG0n

TMME AFTER EXPOSURE (min}

Reference: Figure 7-1 from FM 8-9 (Part I).

Figure2-C: Expected Responseto Radiation for Physically Undemanding Tasks
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Radiation Exposure States (RES) and Risk Criteria

References. FM 3-3-1, Joint Pub 3-12.2, FM 3-7, FM 8-9 (Part |), and NATO STANAG 2083
(most recent guidance on the operational effects of radiation exposures). See Appendix A of FM
3-3-1 for a complete description of the Operational Exposure Guidance (OEG),

RES Categories.

A. The radiation exposure states have been changed to reflect new performance degradation
modeling. The new states will appear in Joint Pub 3-12.2 and become doctrine.

Table2-E:  Radiation Exposure and Risk Criteria

Radiation Total Past Cumulative Exposure Criteriafor a Single Operation

Exposure State | Dose (cGy) Which Will Not Result in Exceeding the

(RES) Dose Criteriafor the Stated Degree of Risk
STATE (Seenotes4 & 5) (cGy)

RES-0 Units No exposure Negligible Risk < 75

Moderate Risk < 100
Emergency < 125

RES-1 Units Greater than O, Negligible Risk < 35
Less than or equal to 75 Moderate Risk < 60
Emergency < 85
RES-2 Units Greater than 75, Any further exposure is considered to exceed a
Less than or equal to 125 negligible or moderate risk
RES-3 Units Greater than 125 Any further exposure will exceed the

emergency risk

Reference: Joint Pub 3-12.2 (Draft).

Risk Criteria. Degrees of risk are defined in percentages of either casudties or performance
degradation. From a military radiation standpoint, vomiting is the medica effect defining
performance degradation. A casudlty is defined as an individual whose performance effectiveness
has dropped by 25% from normal. Vomiting and diarrhea are commonly called nuisance effects
(See Joint Pub 3-12.2 for a complete discussion). Nuisance effects can range from vomiting, skin
burns, and ear drum rupture to nausea. These symptoms, at low radiation levels, may take hours
to develop. Individuals thus exposed should be able to function in the important hours after a
nuclear attack and after the first set of symptoms abate.

A. Negligible Risk. Negligible risk is the lowest risk category. This dose will not cause any
casualties. Troops receiving a negligible risk dose will experience no more than 2.5 percent
nuisance effects. Negligible risk is acceptable when the mission requires units to operate in a
contaminated area and should not be exceeded unless a significant advantage will be gained.

B. Moderate Risk. Moderate risk is the second risk category. This dose generally will not cause
casualties. Troops recelving a moderate risk dose will experience no more than 5 percent
incidence of nuisance effects. Moderate risk is usually acceptable in close support operations.
Moderate risk must not be exceeded if troops are expected to operate at full efficiency. These
personnel will be at a much greater risk if they receive any additional traumatic injuries.
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C. Emergency Risk. In this category, not more than 5 percent casualties are expected. Nuisance
effects may exceed the 5 percent level. The emergency risk dose is only acceptable in rare
gtuations, termed disaster situations. Only the commander can decide when the risk of the
disaster situation outweighs the radiation emergency risk.

Reclassification of RES. The commander, on the advice of the unit surgeon, can reduce the RES
category of hisunit. Possible repair of radiation damage is 50% after 30 days, 90% after 90 days,
and 10% of damage never repaired.

Operations After Nuclear Detonation (Fallout Zone Prediction)

References: FM 3-3-1 and FM 3-7.
Actions After an Attack

Cover mouth with handkerchief.
Organize survivors and assist casualties
Send NBC 1 report.

Secure and organize equipment.

Begin continuous monitoring.

mmoOoOw>»

Conduct damage assessment and restoration of combat power.

G. Improve protection against possible fallout.

Simplified Fallout Prediction (M5A2)

Information required: NBC 2 nuclear report and effective downwind message.

Record date-time of burst, grid zone, and wind direction on M5A2.

Determine Zone | from the monogram printed on the M5A2, draw arc on M5A2, and label.
Zonell =2 x Zonel; draw an arc, and label.

Draw tangents from cloud radius to end of Zonell.

Darken the perimeter.

Draw time-of-arrival arcs and label.

Ireommoow»

Orient azimuth on predictor with grid north.
Table2-F:  Fallout Zones

Zone Dose to Exposed, unprotected per sonnel from fallout

Zone 1 (immediate operational | More than 150 cGy within 4 hours.
concern)

Zone 2 (secondary hazard) Less than 150 cGy within 4 hours. More than 50 cGy
within 24 hours.
Outside the predicted area No more than 50 cGy in 24 hours.

Reference: Figure 4.6 of FM 3-3-1.
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Radiological Monitoring.

A. Periodic monitoring (readings at least once every hour) is done when—
(1) Intelligence indicates athreat of nuclear war.
(2) Nuclear war has been initiated or NBC threat status (nuclear) is Serial 3.
(3) Continuous monitoring falls below 1 centigray per hour (cGy/hour).

B. Continuous monitoring is done when—
(1) A nuclear detonation is seen, heard, or reported.
(2) Periodic monitoring records 1 cGy/hour or higher.
(3) Ordered by the unit commander.
(4) A warning of expected contamination (NBC 3) is received.

Unit Operationsin Fallout

References. FM 8-9 (Part I) and FM 3-7.

Whenever large areas are contaminated by fallout, operations of al units, including medical, will
be hampered to varying degrees, depending upon the level of contamination. When a serious
radiation hazard exists, medical unit commanders will be faced with the question of whether to
continue operation and accept hazardous exposures to their personnel or to take shelter, an action
which may serioudly reduce their unit's ability to care for patients. In order to make the correct
decision, they will require adequate information, and this, in turn, necessitates them having the
following capabilities:

A. An effective radiation monitoring capability to correctly measure the radiation hazard.
B. The ability to make rapid estimates of the future dose and dose rates expected.

C. Satisfactory communication with other units and higher headquarters to report the fallout
situation and to receive fallout warnings, information, guidance, and orders.

Data required to permit proper situation analysis and decision making include:
A. Whether the unit is or will bein afallout area.

B. Expected time of arrival of fallout, or if the falout has arrived, how long before it will
essentialy all be on the ground and radiation dose rates begin to decline.

C. The maximum radiation dose rates expected.
D. The adequacy of existing or immediately available facilities as fallout shelters.

E. Evauation of these data together with the operational situation permits proper command
decisions to be made relative to moving the unit, diverting patients to other medical treatment
units, moving into fallout shelters, or remaining in place and continuing normal operations.

F. Refer tothe chapter on Radiological Hazard for details on Radiological Surveys.
Performance of Mission in a Radiological Contaminated Environment.

A. Medica units required to remain in areas of high dose rates can survive and continue their
patient care activities if adequate shelter is available to shield against radiation. Many materials



2-14 MEDICAL NBC BATTLEBOOK

available on the battlefield afford substantia shielding (Table 2-G). Use of some of these
materials, such as concrete, requires significant engineering support and prior construction.
Earth, however, affords excellent protection and can be employed with minimum engineering
effort.

B. In some cases, it is unnecessary to do any construction since there may be structures and
terrain features aready available that will afford excellent protection from radioactive fallout.
Tunnels, caves, culverts, overpasses, ditches, ravines, and heavily constructed buildings are
examples. In the case of existing buildings, below ground basements give the best protection.
With minimum effort, windows and overhead floor can be sandbagged or covered with dirt to
provide additional protection.

C. It should be a matter of policy for mobile medical units to locate in or near existing shelter
whenever possible. When either fixed facilities or mobile units are unable to locate near existing
shelter, adequate shelter must be constructed. Elaborate shelters are not required since normally
they need to be occupied continuously only during the period of high radiation dose rates.

D. It will be very difficult to predict accurately the rate of fallout decay. Therefore, decisions
relative to operations in fallout areas should be based on actual survey data. However, it will not
be possible or desirable to expose personnel to do area monitoring when dose rates are very high.
Therefore, a reliable method of estimating fallout decay is required. Assuming a single nuclear
detonation, Table 2-H demonstrates a ssimple and reasonably accurate method of estimating
residual radiation decay. It must be noted that these calculations are most accurate only after al
fallout is on the ground and the dose rate is beginning to decrease.

Field Expedient Fallout Shelters.

A. There are a number of field expedient fallout shelters. The more common ones are briefly
described and discussed below.

(1) The Dozer Trench. Here a trench of about 2.7 meters wide and 1.2 meters deep is dug
with the aid of adozer. It is estimated that one dozer with its operator could cut six 30 meter
trenches in about 5 hours. About 0.6 m of trench would be required for each person to be
sheltered; thus, in 5 hours, shelters could be constructed for approximately 300 patients and
personnel. Protection and comfort can be improved from unit resources as time passes by
digging the trench deeper, undercutting the walls and erecting tents over some portions of the
trench. Such trenches should provide adequate fallout shelter for most fallout situations.

(2) Dug-In Tents of a Mobile Hospital. The tents of a mobile hospital could be dug in to a
depth of approximately 1.2 meters and would provide more comfort than the dozer trench
described in the above paragraph. Such dug-in tents, however, have two principal drawbacks.
First, they offer far less radiation protection than dozer trenches and second, they require
considerably more in the way of engineering efforts.

(3) Vehicle-Earth Shelter. A very effective shelter can be constructed for mobile medical
units with organic transportation by combining the use of unit vehicles and dirt,. For example,
two large tents can be joined end-to-end and a shallow trench dug around them for the
vehicles. The dirt is piled carefully on the outside of the trench. An additional 15-cm trench
is dug for the outer wheels of the vehicles. This combination of dirt and vehicles can give as
much as 80% protection if fallout contamination is collected and removed from inside the
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B.

accomplish certain actions required for the efficient operation of the shelter.

2-15

rectangle thus created. Tent liners and ponchos can be used for this purpose. This expedient
method of erecting shelter requires about 2 hours to build and can be occupied or evacuated
in amatter of minutes. As with other expedient shelter, it could be constructed at the time the
unit occupies the position.

Regardless of the type of shelter employed, an effective system must be developed to
In the case of

medical unitsinvolved in the active care of patients, it is probably advisable to separate the shelter
management functions from those of patient care. Those individuas assigned the responsibility of
shelter management must provide for such essential functions as radiological monitoring, safe
food and water, monitoring water storage facilities to prevent leakage and contamination,
arranging for sleeping facilities, controlling fire hazards, enforcing health and sanitation rules, and
providing for waste disposal. Shelter management plans must be developed prior to occupying
shelters and must be familiar to al assigned personnel.

C. See Chapter 4 from FM 3-7 for tables of transmission factors for tanks, vehicles, etc.

Table2-G:  Shielding Properties of Common Materials
Material Half-value layer thickness*

Steel 2cm

Concrete 6 cm

Earth 8cm

Water 12 cm

Wood 22 cm

*Thickness required to reduce the incident dose or dose rate

Reference: Table 7-11 from FM 8-9 (Part I).

Table2-H: The7:10 Rulefor Residual Radiation Decay
t — Time after detonation (hr) Doserate at timet divided by thedoserate at 1 hour
1 -
7 0.1
49 0.01
343 0.001
* Assuming a single nuclear detonation

Reference: Table 7-111 from FM 8-9 (Part 1).

Table 2-I: Radiation Protection Factors of Sand-or-clay-filled Sandbags
Soldier in: Radiation Protection Factor
Open None
Open foxhole, 4 feet deep 8
Same with 1 layer (4 inches) 16
Same with 2 layers (8inches) 32
Same with 3 layers (12 inches) 64

Reference: Table 4-2 from FM 3-7.
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Table 2-J: Radii of Vulnerability for Personnel (distance in meters)

L ethal Range for Personnel
Yield (KT) Open Open APC Tanks Earth Shelter
Foxholes
0.1 700 600 600 500 300
0.5 900 800 800 700 450
1 1,200 900 900 800 500
3 2,000 1,100 1,200 1,000 700
6 2,500 1,200 1,250 1,100 800
10 3,200 1,300 1,300 1,250 900
20 4,000 1,500 1,450 1,400 1,000
30 5,000 1,600 1,500 1,500 1,100
50 6,000 1,800 1,700 1,700 1,300
100 8,000 1,900 1,800 1,800 1,400
200 12,000 2,000 1,900 1,900 1,500
300 14,000 2,100 1,950 1,950 1,600
NOTES:

1. Radii listed are distances at which a5 percent incidence of effect occurs.

2. The height of burst is 60* W"® meters, where W = yield in kilotons,

3. To obtain a radius of vulnerability, enter the Yield Column of the nearest yield. If exactly
halfway between yields, enter with larger yield. Datalisted in table above isfor training use only.
Use thedatain FM 1.1-31-2 (S) whenever possible.

Reference. Table 4-11 from FM 3-7.

Table2-K: Radii of Vulnerability for Equipment (distance in meters)

M oder ate Damage Sever e Damage
Yield Wheeled vehicles | Tanks | Towed | Supply Randomly Parked
(KT) Helicopters
Exposed | Shielded Arty Depot Cargo & Light
Transport | Observation
0.1 200 150 100 100 100 400 500
1 400 350 300 250 250 700 1,100
3 600 500 500 400 450 1,000 1,600
6 700 600 600 500 500 1,200 1,900
10 800 700 700 600 600 1,500 2,500
20 1,000 900 900 800 800 1,900 3,400
30 1,200 1,100 1,000 900 950 2,200 3,700
50 1,700 1,500 1,200 1,200 1,400 2,700 4,500
100 2,200 1,900 1,300 1,300 1,700 3,200 5,700
200 2,600 2,000 1,500 1,500 1,900 3,700 6,200
300 3,000 2,100 1,600 1,600 2,000 3,800 7,100
NOTES: Same notes as previous table.

Reference. Table 4-11 from FM 3-7.
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Nuclear Detonation

References. FM 3-3-1 (detailed explanation of burst determination and avoidance of high level
nuclear hazards), FM 8-9 (Part I), and FM 8-10-7 (Chapter 2).

General. The principa physical effects of nuclear weapons are blast, thermal radiation (heat), and
nuclear radiation. These effects are dependent upon the yield (or size) of the weapon expressed in
kilotons (KT), physical design of the weapon (such as conventional and enhanced), and upon the
method of employment.

Table2-L: Distribution of Energy from Nuclear Detonation

Per cent of Energy Physical Appearance
50 Blast
35 Thermal radiation
4 Initial ionizing radiation (neutrons and gamma rays emitted
within the first minute)
10 Residual nuclear radiation (fallout)
1 Electromagnetic pulse (EMP)
NOTE: For alow altitude detonation of a moderate-sized (3 to 10 KT) weapon

Reference: Figure 2-1 from FM 8-10-7.

Types of Bursts. The dltitude at which the weapon is detonated will largely determine the relative
effects of blast, heat, and nuclear radiation. Nuclear explosions are generally classified as
airbursts, surface bursts, subsurface bursts, or high atitude bursts.

A. Airbursts. An airburst is an explosion in which a weapon is detonated in air a an atitude
below 30 km but at sufficient height that the fireball does not contact the surface of the earth. An
air burst may cause considerable damage and injury. Burns to exposed skin may be produced
over many square kilometers and eye injuries over a still larger area. Initial radiation will be a
significant hazard with smaller weapons, but the falout hazard can be ignored. The fission
products are generaly dispersed over a large area of the globe unless there is local rainfal
resulting in localized falout. In the vicinity of ground zero, there may be a small area of neutron-
induced activity that could be hazardous to troops required to pass through the area. Tactically,
airbursts are the most likely to be used against ground forces.

B. Surface Burst. A surface burst weapon is detonated on or dightly above the surface of the
earth so that the fireball actually touches the land or water surface. The area affected by blast,
thermal radiation, and initial nuclear radiation will be less extensive than for an air burst of similar
yield, except in the region of ground zero where destruction is concentrated. In contrast with
airbursts, local falout can be a hazard over a much larger downwind area than that which is
affected by blast and thermal radiation.

C. Subsurface Burst. A subsurface burst weapon is detonated beneath the surface of land or
water. Cratering will generally result from an underground burst, just as for a surface burst. If
the burst does not penetrate the surface, the only other hazard will be from ground or water
shock. If the burst is shallow enough to penetrate the surface, blast, thermal, and initial nuclear
radiation effects will be present, but will be less than for a surface burst of comparable yield.
Locd falout will be very heavy if penetration occurs.
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D. High Altitude Burst. A high atitude burst weapon is exploded at such an atitude (above 30
km) that initial soft x-rays generated by the detonation dissipate energy as heat in a much larger
volume of air molecules. There the fireball is much larger and expands much more rapidly.
Significant ionization of the upper atmosphere can occur causing severe disruption in
communications. They also lead to generation of an intense electromagnetic pulse (EMP) that
can significantly degrade performance of electronic equipment or even destroy them. There are
no known biological effects of EMP; however, indirect effects may result from failure of critica
medical equipment.

E. Enhanced Radiation (ER) Weapons. An enhanced radiation weapon has an output in which
neutrons and x-rays are made to constitute a substantial portion of the total energy released. An
ER weapon’ s total energy would be partitioned as follows: 30% as blast; 20% as thermal; 45% as
initial radiation; and 5% as residua radiation. A 3-kiloton ER weapon will produce the nuclear
radiation of a 10-kiloton fission weapon and the blast and thermal radiation of a 1-kiloton fission
device.

Calculation of Burst.

A. The report of a nuclear burst will most often come from the tactical side of the house. The
AMEDD Officers will most likely supervise the NBC reporting of the burst for effected medical
units and also analyze the NBC reports in order to prepare for casuaties. FM 3-3-1 details the
determination of the burst.

B. FM 3-3-1 details the steps needed to determine the yield from cloud parameters. The M4A1
nuclear yield calculator is designed to provide rapid yield estimation based on any parameter
except cloud-top or cloud-bottom height. Refer to the equipment chapter in this Battlebook for
additional detail.

Figure2-D: Yield Estimates (KTs) for Illumination Times (seconds)
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Reference: Table 3-1 from FM 3-3-1.
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C. If using the cloud parameter method is not possible, a smple way to determine the yield isto
use the illumination time (Figure 2-D). Thisyield estimation method only gives an estimate on the
order of afactor-of-ten. Under no circumstances should the observer ook directly at the fireball.
This will cause permanent damage to the eyes. Observers can sense, with eyes closed, when the
intense light has faded. An observer in a foxhole can look at the floor of the foxhole. Counting
procedure is the same as that for flash-to-bang time. The person counting illumination time stops
counting when the light begins to fade.

Radiation from a Detonation
Reference: FM 8-9 (Part I).
Table2-M: Typical Neutron Dose-to-Total Dose Ratios

Yield (KT) Neutron/gamma Neutron/total dose Range (meters)

0.1 4.6 0.82 360

1.0 3.0 0.75 650

10.0 1.6 0.62 1040

100.0 0.47 0.32 1500

1000.0 0.042 0.04 2280

Assumptions. The height of burst is 60* W meters, where W = yidld in kilotons; air density is
equal to 0.9, relative to sealevel; fission only device

Reference: Table 2-111 from FM 8-9 (Part 1).

General. A nuclear burst results in four types of ionizing radiation: neutron, gamma, beta, and
alpha. Neutrons and gamma rays characterize the initial burst while the residual radiation is
primarily of alpha, beta, and gamma rays. Blast and therma injuries in many cases will far
outnumber radiation injuries. However, radiation effects are considerably more complex and
varied than are blast or thermal effects.

Initial Radiation. The range for significant levels of initia radiation does not increase markedly
with weapon yield and, as a result, the initial radiation becomes less of a hazard with increasing
yield. With larger weapons, above 50 KT, blast and thermal effects are so much greater in
importance that prompt radiation effects can be ignored.

Neutrons. The initial radiation can be divided into two components, neutrons and gamma rays.
As a genera rule, the neutron-to-gamma ratio decreases with the range from the weapon’'s
ground zero. The ratios for vehicles and shelters depend on the specific neutron and gamma
protection factors associated with the vehicle or shelter. For a tank, the protection factors are
about 2 and 10 for neutrons and gammas, respectively.

Residual Radiation. The residual radiation hazard from a nuclear explosion is radioactive fallout
and neutron-induced activity.

A. Fission Products. These are intermediate weight isotopes that are formed when a heavy
uranium or plutonium nucleus is split in a fission reaction. There are over 300 different fission
products with widely differing half-lives. Some half-lives are long enough that the materials can
be a hazard for months or years. Their principa mode of decay is by the emission of beta and
gamma radiation. Approximately 60 grams of fission products are formed per kiloton of yield.
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The estimated activity of this quantity of fission products 1 minute after detonation is equal to that
of 1.1 x 10°'Bg.

B. Unfissoned Nuclear Materia. Nuclear weapons are relatively inefficient in their use of
fissonable material. The explosion disperses much of the uranium and plutonium without
undergoing fission.

C. Neutron-Induced Activity. If nuclei capture neutrons when exposed to neutron radiation, they
will, as a rule, become radioactive and then decay by emission of beta and gamma radiation over
an extended period of time. Neutrons emitted as part of the initial nuclear radiation will cause
activation of the weapon residues and environmental material, such as soil, air, and water. For
example, a small area around ground zero may become hazardous as a result of exposure of the
minerals in the soil to initia neutron radiation, due principally to neutron capture by sodium,
manganese, aluminum, and silicon in the soil. This is a negligible hazard because of the limited
areainvolved.

D. Loca Fdlout.

(1) In a surface burst, large amounts of earth or water will be vaporized by the heat of the
fireball and drawn up into the radioactive cloud. This material will become radioactive when
it condenses with fission products and other radio-contaminants or has become neutron-
activated. There will be large amounts of particles of less than 0.1 micrometer to several
millimeters in diameter generated in a surface burst in addition to the very fine particles that
contribute to worldwide fallout. The larger particles will not rise into the stratosphere but will
settle to earth within about 24 hours as local fallout. Severe local fallout contamination can
extend far beyond the blast and thermal effects, particularly in the case of high yield surface
detonations. Whenever individuals remain in a radiological contaminated area, such
contamination will lead to an immediate externa radiation exposure as well as a possible later
internal hazard due to inhaation and ingestion of radio-contaminants. In severe cases of
fallout contamination, lethal doses of externa radiation may be incurred if protective or
evasive measures are not undertaken.

(2) In cases of water surface bursts, the particles tend to be rather lighter and smaller
producing less local fallout but extending over a greater area.  The particles contain mostly
sea sdts with some water; these can have a cloud seeding affect causing local rainout and
areas of high local fallout.

(3) For subsurface bursts, there is an additional phenomenon present called “base surge.” The
base surge is a cloud that rolls outward from the bottom of the column. For underwater
bursts the visible surge is a cloud of water droplets with the property of flowing aimost asiif it
were afluid. After the water evaporates, an invisible base surge of small radioactive particles
may persist. For subsurface land bursts, the surge is made up of small solid particles, but it
still behaves like afluid. A soil earth medium favors base surge formation in an underground
burst.

(4) Meteorological Effects.  Meteorologica conditions will greatly influence fallout,
particularly local fallout. Atmospheric winds are able to distribute fallout over large aress.
For example, as aresult of a surface burst of a 15 MT thermonuclear device at Bikini Atall, a
roughly cigar-shaped area of the Pacific extending over 500 km downwind and varying in
width to a maximum of 100 km was severely contaminated. Snow and rain will accelerate
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loca fallout. Under special meteorological conditions, such as a local rain shower that
originates above the radioactive cloud, limited areas of heavy contamination may be formed.

Electromagnetic Pulse (EMP). Nuclear detonations produce an electromagnetic pulse that can
interfere with electronics such as computers and medica life-support systems. Strength and
radius of EMP pulse is dependent on type of burst and yield of weapon. Significant EMP only
occurs with ground and high-altitude bursts. If warned of a nuclear detonation, one can prevent
damage from EMP by turning off the equipment and, in some cases, burying the equipment in the
ground.

M edical Effects from A Nuclear Detonation

References. FM 3-7, FM 8-9 (Chapter 4 of Part I), and FM 8-10-7 (Section 2).

Genera. The physiological effects of nuclear weapons result from the direct physical effects from
the blast, the thermal radiation, the ionizing radiation (initial or residual), or a combination.
Injuries from the ionizing radiation are covered in a later section. For weapons less than 10 KT,
ionizing radiation is the primary creator of casuaties requiring medical care. For weapons greater
than 10 KT, thermal radiation is the primary cause of injury.

Blast Injuries. There are two types of blast forces that occur in a nuclear detonation blast wave:
direct blast wave overpressure forces and indirect blast wind drag forces. The most important
blast effects, insofar as production of casualties will be those due to the blast wind drag forces.
Casualties requiring medical treatment from direct blast effects are produced by overpressures
between 1.0 and 3.5 atmospheres. However, other effects (such as indirect blast injuries and
thermal injuries) are so predominate that patients with only direct blast injuries make up a small
part of the patient workload.

A. Direct Blast Injury. The human body is remarkably resistant to static overpressure,
particularly when compared with rigid structures such as buildings. Overpressues that are
sublethal can cause lung damage and eardrum rupture. Eardrum rupture will be the most common
injury from overpressure. Direct blast effects can contribute significantly to the immediate deaths
and injuries sustained close to the point of detonation and can constitute an important total
casualty producing effect in the large area of letha damage associated with a given nuclear
detonation. Personnel in fortifications or heavy vehicles such as tanks who are protected from
radiation and thermal and blast wind effects may be subjected to complex patterns of direct
overpressures since blast waves can enter such structures and be reflected and reinforced within
them.

B. Indirect Blast Wind Drag Forces. Indirect Blast Wind Drag Forces. The drag forces (indirect
blast) of the blast winds are proportiona to the velocities and duration of the winds. The winds
are relatively short in duration, but can reach velocities of several hundred kilometers per hour.
Injury can result either from flying objects impacting on the body, or from the physical
displacement of the body against objects and structures. Because of the violence of the winds
associated with even low values of overpressure, mechanical injuries due to flying objects sent
into motion by the winds or to violent bodily trandation will far outnumber direct blast injuries
due to actual compression of the organism. Certain terrain, such as desert, is particularly
susceptible to flying object forming effects of winds. However, the drag forces of the blast winds
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produced by nuclear detonations are so great that almost any form of vegetation or structure will
be broken apart into a variety of flying objects. As a result, large numbers and a great variety of
flying objects will be generated in almost any environment. Varied flying object injuries will be
common. The drag forces of the blast winds are strong enough to displace even large objects
such as vehicles or to cause collapse of large structures such as buildings. These can result in
very serious crush injuries. Depending upon the intensity of the drag forces and the nature of the
environment, humans themselves can become a flying object and be displaced to variable distance
and at variable velocities.

Biological Effects of Thermal Radiation. The thermal radiation emitted by a nuclear detonation
causes burns in two ways: by direct absorption of the thermal energy through exposed surfaces
(flash burns); or by the indirect action of fires in the environment (flame burns). Indirect flame
burns can easily outnumber all other types of injury.

A. Flash Burns. Therma radiation travels outward from the firebal in a straight line; therefore,
the thermal intensity available to cause flash burns decreases rapidly with distance. Close to the
fireball, al objects will be incinerated.

B. Clothing. The battle-dress uniform, mission-oriented protective posture (MOPP) gear, or any
other clothing will provide significant additional protection against flash burns. Clothing
significantly impedes heat transfer and may prevent or reduce the severity of burns, depending on
the magnitude of the thermal flux.

C. Indirect (flame) Burns. Indirect or flame burns result from exposure to fires caused by the
thermal effects in the environment, particularly from ignition of clothing. This could be the
predominant cause of burns depending on the number of and characteristics of flammable objects
in an environment. This is particularly true for the large yield weapons, which can cause
firestorms over extensive areas.

Figure2-E: Flashblindness and Retinal Burn Safe Separation
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Reference: Figure 4-1, FM 8-9
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D. Eye Injuries. The initial therma pulse can cause eye injuries in the forms of flash blindness
and retinal scarring. The initia brilliant flash of light produced by the detonation causes flash
blindness. This flash swamps the retina, bleaching out the visual pigments and producing
temporary blindness. During daylight hours, this temporary effect may last for about 2 minutes.
At night, flash blindness will affect personnel at greater ranges and for greater duration. Partial
recovery can be expected in 7 minutes, though it may require 30 minutes for full night adaptation
recovery. Retina scarring is the permanent damage from a retina burn. It will occur only when
the fireball is actualy in the individual field of view and should be a relatively uncommon injury.
The retina burn safe separation distance is approximately 20-km during the day and 50-km at
night. See the below figure for more detail.

Psychological Aspects of Nuclear Weapons

It is difficult to predict the numbers and types of psychiatric patients. It is generally felt that the
types of acute psychological problems which would occur in such circumstances would be
essentially the same as those seen in other combat situations, and that the treatment methods
which have been developed as a result of experience in past wars would be appropriate. See
Chapter 6, Section VI of Part | of FM 8-9 for more complete description.

Radiosensitivity of Various Organs
Reference: Chapter 5 from FM 8-9 (Part I).

Table2-N: Relative Radiosensitivity of Various Organs

Organs Relative Chief mechanism of parenchymal
radiosensitivity hypoplasia
The hematopoietic and the High* Destruction of parenchymal cells, especialy
gastrointestina systems the vegetative or differentiating cells
Skin; cornea & lens of Fairy high Destruction of vegetative and differentiating
eyes; gastrointestinal cells of the stratified epithelium

organs; cavity, esophagus,
stomach, rectum

Growing cartilage; the Medium Destruction of proliferating chondroblasts or

vasculature; growing osteoblasts; damage to the endothelium;

bones destruction of connective tissue cells &
chondroblasts or osteoblasts

Mature cartilage or bone; Fairly low Hypoplasia secondary damage to the fine

lungs; kidneys, liver; vasculature and connective tissue elements

pancreas, adrenal gland,

pituitary gland

Muscle; brain; spina cord Low Hypoplasia secondary damage to the fine

vascul ature and connective tissue elements,
with little contribution by the direct effects on
parenchymal tissues

*Embryonic tissue is also highly radiosensitive

Reference: Table 5-1V from FM 8-9 (Part 1).
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Relative Organ Radiosensitivity. In generd, actively dividing cells are most sensitive to radiation.
Additionally, radiosengitivity tends to vary inversely with the degree of differentiation of the cell.

Bone-Marrow Kinetics. The bone marrow contains three cell renewal systems:. the erythropoietic
(red cdll), the myelopoietic (white cell), and the thrombopoietic (platelet). The time cycles and
cellular distribution patterns and postirradiation responses of these three systems are quite
different. The erythropoietic system has a marked propensity for regeneration following
irradiation from which survival is possible. After sub-lethal exposures, marrow erythropoiesis
normally recovers dightly earlier than granulopoiesis and thrombopoiesis and occasionally
overshoots the base-line level before levels a or near norma are reached. Recovery of
myelopoiesis lags dightly behind erythropoiesis and is accompanied by rapid increases in numbers
of differentiating and dividing forms in the marrow. The thrombocytopoiesis normally regenerates
at adlower rate than both erythropoiesis and myelopoiesis after sub-lethal exposures.

Gastrointestinal Kinetics. Because of the high turnover rate occurring within the stem cell and
proliferating cell compartment of the crypt, marked damage occurs in this region by whole-body
radiation doses above the mid-lethal range. Destruction as well as mitotic inhibition occurs within
the highly radiosensitive crypt and proliferating cell compartments within hours after high doses.

Systemic Effects of Whole-Body Irradiation

References. FM 3-7, FM 8-9 (Part 1), and FM 8-10-7.

General. The median lethal dose of radiation that will kill 50 percent of the exposed persons
within a period of 60 days, without medical intervention (designated as LD50/60), is
approximately 450 cGy. Medicaly, other figures of interest are the dose that will kill virtualy no
one, (LD5), and the dose that will kill virtually every one (LD95). Approximations of those doses
are within the ranges 200-300 cGy (freein air) and 600-700 cGy (freein air), respectively.

Battlefield. For yields of 5-10 KT (or less), initial nuclear radiation is the dominant casualty
producer on the battlefield. Military personnel receiving an acute incapacitation dose (30 Gy) will
become performance degraded almost immediately and combat ineffective within several hours.
However, they will not die until 5-6 days after exposure if they do not receive any other injuries
that make them more susceptible to the radiation dose. Soldiers receiving less than a total of 150
cGy will remain combat effective. Between those two extremes, military personnel receiving
doses greater than 150 cGy will become degraded; some will eventualy die. A dose of 530-830
cGy is considered lethal without medical treatment but not immediately incapacitating. Personnel
exposed to this amount of radiation will become performance degraded within 2-3 hours,
depending on how physically demanding the tasks they must perform are, and will remain in this
degraded state at least 2 days. Adequate provision of medical care during this time frame should
reduce mortality to less than ten percent. If medica care is not provided, these personnel will
experience a recovery period and be effective at performing non-demanding tasks for about 6
days, after which they will relapse into a degraded state of performance and remain so for about 4
weeks. At this time they will begin exhibiting radiation symptoms of sufficient severity to render
them totally ineffective. Death follows at approximately 6 weeks after exposure. Partial body
shielding reduces the behavioral effects of radiation.
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Whole-body Irradiation. Whole-body irradiation, where absorbed doses are high and acquired
over short periods of time, will result in acute radiation sickness. There are three characteristic
syndromes that make up the typical clinical pattern of acute radiation sickness. These are the
hematopoietic, gastrointestinal, and neurovascular syndromes which occur with increasing dose,
respectively.

A. Hematopoietic Syndrome. Patients who have received doses of radiation in the low to mid-
lethal range will have depression of bone-marrow function with cessation of blood-cell production
leading to pancytopenia. Among treated patients, deaths should be minimal.

B. Gastrointestinal Syndrome. The doses of radiation that will result in the gastrointestinal
syndrome are higher than those causing the hematopoietic syndrome. An acute dose which will
cause this syndrome would be at least 800 cGy measured in air. The gastrointestinal syndrome
has a very serious prognosis because it is aimost aways accompanied by non-recoverable bone
marrow. The onset of the clinical phase of the gastrointestinal syndrome occurs earlier than that
of the hematopoietic syndrome. After a short latent period of a few days to a week or so, the
characteristic severe fluid losses, hemorrhage, and diarrhea begin.

C. Neurovascular Syndrome. The neurovascular syndrome is associated with absorbed doses in
the supralethal range and would be seen quite rarely since heat and blast effects would cause
immediate lethality in most situations where the required very high radiation doses would be
sustained. Exceptions could occur in aircrews exposed to prompt nuclear radiation from high
atitude detonations and personnel protected against heat and blast in hardened sites below the
surface or personnel in vehicles or shelters in the proximity of enhanced weapons detonations.
The latent period is very short varying from severa hoursto 1 to 3 days.

Clinica Course of Radiation Sickness. The three syndromes described follow a similar clinica
pattern that can be divided into three phases: an initial or prodromal phase occurring during the
first few hours after exposure; a latent phase, which becomes shorter with increasing dose; and
the manifest phase of clinical illness.

A. Prodromal Phase. The initia phase of prodroma symptoms is characterized by the relatively
rapid onset of nausea, vomiting, and malaise. This is a nonspecific clinical response to acute
radiation exposure. It is not diagnostic of the degree of radiation injury; however, in the absence
of associated trauma and an early onset, it does suggest a large radiation exposure. The duration
of this prodromal phase is short, generally a few hours, and the incapacitation should not be
severe enough to warrant evacuation of military personnel away from their units.

B. Latent Phase. Following recovery from the prodroma phase, the exposed individua will be
relatively symptom-free during the latent phase. The length of this phase varies with the dose.
The latent phase is longest preceding the hematopoietic syndrome and may vary between 2 and 6
weeks. It is somewhat shorter prior to the gastrointestinal syndrome, lasting a few days to a
week. It is shortest preceding the neurovascular syndrome, lasting only hours. Because of the
extreme variability in duration of the latent phase, it is not practical to hospitalize all personnel
suspected of having radiation injury early in the latent phase unless radiation injury has been
diagnosed. Instead, it is reasonable to wait until the onset of clinical illness or the devel opment of
hematopoietic suppression as indicated by the individual’ s peripheral blood profile.
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C. Manifest Phase. This phase presents with the clinical symptoms associated with the major
organ system injured (marrow, intestine, neurovascular system). A summary of essential features
of each syndrome and the doses at which they would be seen in young healthy adults exposed to
short, high dose single exposures is shown in Figure 6-1 of Part | of FM 8-9.

Symptoms. These symptoms frequently occur in whole-body irradiated casualties within the first
few hours of postexposure.

A. Nausea and Vomiting. Nausea and vomiting occur with increasing frequency as the radiation
exceeds 100-200 cGy. Ther onset may be as long as 6-12 hours postexposure, but usualy
subside within the first day. The occurrence of vomiting within the first 2 hours is usually
associated with a severe radiation dose. VVomiting within the first hour, especially if accompanied
by explosive diarrhea, is associated with fatal doses. Due to the transient nature of these
symptoms, it is possible that the patient will have aready passed through the initial phase of
gastrointestinal distress before being seen.

B. Hyperthermia. Casualties who have received a potentially letha radiation injury show a
significant rise in body temperature within the first few hours postexposure. The occurrence of
fever and chills within the first day postexposure is associated with a severe and life-threatening
radiation dose. Hyperthermia may occur in-patients who receive lower but still serious radiation
doses (200 cGy or more). Individuas wearing a chemica ensemble will normaly be
hyperthermic; consequently, thiswill not be a useful sign.

C. Erythema. A person who received a whole-body dose of more than 1000-2000 cGy will
develop erythema within the first day postexposure. This is aso true for those who received
comparable doses to local body regions. In this case, the erythema is restricted to the affected
area. With doses lower but still in the potentially fatal range (200 cGy or more), erythema is less
frequently seen.

D. Hypotension. A noticeable decline in systemic blood pressure has been recorded in victims
who received a lethal whole-body radiation dose. In persons who received several hundred cGy,
a drop in systemic blood pressure of more than 10% has been noted. Severe hypotension after
irradiation is associated with a poor prognosis.

E. Neurologic Dysfunction. Experience indicates that amost all persons who demonstrate
obvious signs of damage to the central nervous system within the first hour postexposure have
received a lethal dose. Symptoms include mental confusion, convulsions, and coma. Intractable
hypotension will probably accompany these symptoms. Despite vascular support, these patients
succumb within 48 hours.

Management of Radiation Casualties

References. FM 8-9 (Part I) and FM 8-10-7.

Diagnosis. The diagnosis of radiation sickness is based primarily upon the clinical picture
presented by the patient. A precise history of exposure may be very difficult to obtain. Dosimetry
will not give adequate information to determine either the extent of radiation injury or the
prognosis. Dosimeters cannot tell whether a radiation exposure is whole body or partial body.
They do not tell what the dose rate of the exposure was. Finaly, they cannot differentiate
between single exposures and multiple exposures unless read at regular intervals. However, in the
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mass casuaty Situation, decisions based on dosimetric data alone may be all that is practicable.
The use of antiemetic drugs to prevent performance degradation will make symptom-based triage
of irradiated personnel untenable. Only individual dosimeters and lymphocyte counting will be of
any value in this situation.

Definitive diagnosis. It is difficult to establish an early definitive diagnosis. Therefore, it isbest to
function within a simplified, tentative classification system based on the three possible categories
of patients.

A. Radiation Injury Unlikely. If there are no symptoms associated with radiation injury,
patients are judged to be at minimal risk for radiation complications. These patients should be
triaged according to the severity of the conventiona injuries. If the patients are free of
conventional injuries or disease states that require treatment, they should be returned to duty.

B. Radiation Injury Probable. Anorexia, nausea, and vomiting are the primary prodromal
symptoms associated with radiation injury. Priority for further evaluation will be assigned after all
life-threatening injuries have been stabilized. Casudlties in this category will not require any
medical treatment within the first few days for their radiation injuries. Evidence to support the
diagnosis of significant radiation injury in the absence of burns and trauma may be obtained from
lymphocyte assays taken over the next 2 days. If the evidence indicates that a significant radiation
injury was received, these casualties need to be monitored for pancytopenic complications.

C. Radiation Injury Severe. These casualties are judged to have received a radiation dose that
is potentially fatal. Nausea and vomiting will be almost universal for personsin this group. The
prodromal phase may aso include prompt explosive bloody diarrhea, significant hypotension, and
signs of necrologic injury. These patients should be sorted according to the availability of
resources. Patients should receive symptomatic care. Lymphocyte analysis is necessary to
support this classification.

Lymphocyte levels. In austere field conditions, lymphocyte levels may be used as a biologic
dosimeter to confirm the presence of pure radiation injury but not in combined injuries. An initia
blood sample for concentrations of circulating lymphocytes should be obtained as soon as possible
from any patient classified as “Radiation Injury Probable” After 24 hours, additional blood
samples should be taken for comparison.

A. Lymphocyte levels in excess of 1500/mm? (cubic millimeters). The patient most likely has not
received a significant dose that would require treatment.

B. Lymphocyte levels between 1000 and 1500/ mm®. The patient may require treatment for
moderate depression in granulocytes and platelets within 3 weeks.

C. Lymphocyte levels between 500 and 1000/mm?®. The patient will require treatment for severe
radiation injury. The patient should be hospitalized to minimize the complications from
hemorrhage and infection that will arise within 2-3 weeks postexposure.

D. Lymphocyte levels of less than 500/mm?®. The patient has received a radiation dose that may
prove fatal. The patient needs to be hospitalized for the inevitable pancytopenic complications.

E. Lymphocytes not detectable. The patient has received a super-letha radiation dose, and
survival beyond two weeksis unlikely.
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F. Other Guiddines. A useful rule of thumb is, if lymphocytes have decreased by 50% and are
less than 1000/mm?, then the patient has received a significant radiation exposure. In the event of
combined injuries, the use of lymphocytes may be unreliable. Patients who have recelved severe
burns or multi-system trauma often develop lymphopenia. It is important to note that individuals
with concurrent viral infections would have alymphocytosis based on their ilIness.

Triage. All combined-injury patients should be treated initially as if no significant radiation injury
is present. Triage and care of any life-threatening injuries should be rendered without regard for
the probability of radiation injury or contamination. The physician should make a preliminary
diagnosis of radiation injury only for those patients for whom radiation is the sole source of the
problem. This is based on the appearance of nausea, vomiting, diarrhea, hyperthermia,
hypotension, and neurologic dysfunction.

Table2-O: Preliminary Triage of Casualties with Possible Radiation Injuries

Symptoms Possible category of radiation injury
Unlikely Probable Severe
Nausea Absent Excessve Very Excessive
Vomiting Absent Present Very Excessive
Diarrhea Absent Absent to Present Absent to Very Excessive
Hyperthermia Absent Absent to Present Present to Very Excessive
Hypothermia Absent Absent Present to Very Excessive
Erythema Absent Absent Absent to Excessive
CNS Absent Absent Absent to Excessive
dysfunction

Reference: Table 6-11 from FM 8-9 (Part I).

Table2-P:  Radiation Doses and Combined Injuries

Starting Triage Final Triage Classifications
Classifications L essthan 150 cGy 150-550 cGy Over 550 cGy
Radiation Only Minimal or duty Delayed** Delayed

Immediate Immediate Immediate or Expectant
Expectant*

Delayed Delayed Delayed or Expectant
Expectant*

Minimal Minimal Minimal** Expectant

Expectant Expectant Expectant Expectant

*Select Expectant in the case of full or partial thickness burns coverings more than 18 % of the
body surface, or trauma which would either result in significant infection or be categorized as
severe but not immediately life threatening, such as a fractured femur. Thisis aclinical decision
and not necessarily subjectively reproducible.

**|ncludes the probable requirements for antibiotics and transfusion at a later time. So this
classification does not suggest that the patient is not in need of treatment, but rather that he does
not need immediate specialized care.

Reference: Table 4-2 from FM 8-10-7 and comments from AFRRI.
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Fatal Dose of Radiation. Casualties who have received a potentially fatal dose of radiation will
most likely experience a pattern of prodroma symptoms that is associated with the radiation
exposure itself. Unfortunately, these symptoms are nonspecific and may be seen with other forms
of illness or injury, which may complicate the process of diagnosis.

Treatment of Radiation Injuries

References. FM 8-9 (Part I) and FM 8-10-7.

General. First actions in dealing with radiation casualties are to treat any conventiona injuries
first. Maintain ventilation and perfusion and stop hemorrhages. Most decontamination will be
accomplished through routine management of the patient. Triage for radiation injuries followed
by steps to prevent infection, fluid imbalance, electrolyte imbalance, and bleeding will be
necessary after patient stabilization. Unfortunately, there are limitations in the ability to effect
these treatments successfully, particularly on alarge scale with limited resources.

Initial Treatment for Patients with Whole-Body Radiation Injury. The primary determinants of
survival among most patients receiving intermediate (serious but not uniformly fatal if treated)
radiation doses is stopping any bleeding, aggressive resuscitation of the bone marrow and
completed by management of microbia infections. For those casuaties who have received sub-
lethal whole-body radiation doses, gastrointestinal distress will predominate in the first 2 days.
Antiemetics (metoclopropamide, dazopride) may be effective in reducing the symptoms, but
present drugs available have significant side effects. Unless severe radiation injury has occurred,
these symptoms will usually subside within the first day. For triage purposes, the presence of
explosive diarrhea (especially bloody) is likely to be related to a fatal radiation dose.
Cardiovascular support for patients with clinically significant hypotension and neurologic
dysfunction should be undertaken only when resources and staff alow. These patients are not
likely to survive injury to the vascular and gastrointestina systems combined with marrow aplasia

Diagnosis and Treatment of Patient with Combined Injuries. Conventiona injuries should be
treated first, since no immediate life-threatening hazard exists for radiation casuaties who can
ultimately survive. All surgery should be completed within 36-48 hours of irradiation.

Management of Infection. It is recommended either that the treatment continue until the
granulocytes return to more than 500 or treat for just 2 weeks and stop even if the white cell
count is still low, providing al signs of infection have cleared. Section 621 of Part | of FM 8-9
details the management of infection for radiological casualties.

Dosimetry. Dosimetry for an individua patient should only be considered as an aid to diagnosis
and prognosis. The patient’'s clinical condition combined with appropriate laboratory
investigation will better indicate the prognosis.
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Table2-Q (Part 1): Medical Response to Nuclear Radiation

Doserange (cGy freein air) Onset and duration of initial symptoms

Oto 70 From 6 to 12 hours: none to dight incidence of transient
headache and nausea; vomiting in up to 5 percent of personnel
in upper part of dose range.

70to 150 From 2 to 20 hours: transient mild nausea and vomiting in 5 to
30 percent of personnel.

150 to 300 From 2 hours to 3 days. transient to moderate nausea and
vomiting in 20 to 70 percent; mild to moderate fatigability and
weakness in 25 to 60 percent of personnel.

300 to 530 From 2 hours to 3 days: transient nausea and vomiting in 50 to
90 percent; moderate fatigability in 50 to 90 percent of
personnel.

53010 830 From 2 hours to 2 days. moderate to severe nausea and

vomiting in 80 to 100 percent of personnel. From 2 hours to 6
weeks. moderate to severe fatigability and weakness in 90 to
100 percent of personnel.

830 to 3000 From 30 minutes to 2 days. severe nausea, vomiting,
fatigability, weakness, dizziness, and disorientation; moderate
to severe fluid imbalance and headache.

3000 to 8000 From 30 minutes to 5 days. severe nausea, vomiting,
fatigability, weakness, dizziness, disorientation, fluid imbalance,
and headache.

Greater than 8000 From 30 minutes to 1 day: severe and prolonged nausea,

vomiting, fatigability, weakness, dizziness, disorientation, fluid
imbalance, and headache.

Reference: Table 7-1 from FM 8-9, Table 4-1 from FM 8-10-7, Table 4-10 from FM 3-7.
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Table 2-Q (Part 2):

2-31

Medical Responseto Nuclear Radiation

Performance (mid range dose)

Medical Care and Disposition

Combat effective.

No medical care, return to duty.

Combat effective.

No medical care, return to duty.

DT: PD from 4 hours until recovery. UT: PD
from 6 to 20 hours; PD from 6 weeks until
recovery.

At 3 to 5 weeks: medical care for 10 to 50 %.
At high end of range, death may occur to more
than 10 %. Survivors return to duty.

DT: PD from 3 hours until death or recovery.
UT: PD from 4 to 40 hours and from 2 weeks
until death or recovery.

At 2 to 5 weeks: medical care for 10 to 80 %.
At low end of range, less than 10 % deaths; at
high end, death may occur for more than 50
%; survivors return to duty.

DT: PD from 2 hours to 3 weeks; ClI from 3
weeks until death. UT: PD from 2 hoursto 2
days and from 7 days to 4 weeks,; Cl from 4
weeks until death.

At 10 days to 5 weeks: medical care for 50 to
100 %. At low end of range, death may occur
for more than 50 % at 6 weeks. At high end,
death may occur for 99 % of personnel.

DT: PD from 45 minutes to 3 hours; CI from 3
hours until death. UT: PD from 1 to 7 hours;
Cl from 7 hours to 1 day; PD from 1 to 4
days, ClI from 4 days until death.

1000 cGy: at 4 to 6 days medical care for 100
%; 100 % deaths at 2 to 3 weeks. 3000 cGy:
at 3 to 4 days medical care for 100 %; 100 %
deaths at 5 to 10 days.

DT: CI from 3 to 35 minutes; PD from 35 to
70 minutes; Cl from 70 minutes until death.
UT: CI from 3 to 20 minutes; PD from 20 to
80 minutes; Cl from 80 minutes until death.

4500 cGy: a 6 hours to 1 to 2 days, medical
care for 100 %; 100 % deaths at 2 to 3 days.

DT and UT: Cl from 3 minutes until death.

8000 cGy: medical care needed immediately to
1 day; 100 % deaths at 1 day.

DT = Demanding Task
UT = Undemanding Task

Key:

Cl = Combat Ineffective (less than 25% performance)
PD = Performance Degraded (25 to 75% performance)
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Table2-R (Part 1): Medical Aspects of Radiation Injury in Nuclear War
Doserange Antiemetic Indicated Medical Treatment
(cGy) Pretreatment
0to70 Not determined Reassurance Counsel at redeployment
70to 150 5-30% of Debridement and primary closure of any and all wounds. No
personnel delayed surgery
nauseated without
emess
150to 300 | Decreased Fluid and electrolytes for Gl losses
vomiting. Consider cytokines for immunocompromised patients
Early return to (Follow granulocyte counts)
duty for UT
Possible increase
of fatigability
300to 530 | Undetermined Fluid and electrolytes for Gl losses
Consider cytokines for immunocompromised patients
(Follow granulocyte counts) Specific antibiotic therapy for
infections
May require Gl decontamination with quinolones use
alimentary nutrition
530t0 830 | None Tertiary level intensive care required improving survival.
Fluid and e ectrolytes for Gl losses may require transfusion
and/or colloids. Cytokines for immunocompromised patients
Specific antibiotic therapy for infections, to include
antifungals. Will require Gl decontamination with
quinolones, use alimentary nutrition
Greater than | None Supportive therapy in higher dosage ranges. Aggressive
830 therapy if pure radiation injury and some evidence of

response.

Reference: AmedP-6(C) Draft from AFRRI
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Table 2-R (Part 2): Medical Aspects of Radiation Injury in Nuclear War

Medical Problems

None

Potential for delayed traumatic and surgical wound healing, minimal clinical effect

Significant medical care may be required at 3-5 wks for 10-50% of personnel. Anticipated
problems should include infection, bleeding, and fever. Wounding or burns will geometrically
increase morbidity and mortality

Frequent diarrheal stools, anorexia, increased fluid loss, ulceration, death of crypt cells and
Peyers Patch lymphoid tissue

Increased infection susceptibility during immunocompromised time-frame

Bleeding diathesis at 3-4 wks due to megakaryocyte loss

At 10 days to 5 weeks, 50-100% of personnel will develop pathogenic and opportunistic
infections, bleeding, fever, loss of appetite, Gl ulcerations, bloody diarrhea, severe fluid and
electrolyte shifts, third space losses, capillary leak, hypotension

LDigo a 1000 cGy death at 2-3 wks. Minimal if any break between prodromal syndrome and
manifest illness. At high radiation levels, CNS symptoms are predominant, with death
secondary to cerebral vascular incompetence
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Table2-S(Part 1): Disposition of Radiation Injury in Nuclear War
Doserange | Disposition Without Medical Disposition Medical Care
(cGy) Care

Oto 70 Duty Duty

70to 150 Restricted duty. No further Restricted duty. No further radiation exposure
radiation exposure
elective surgery or wounding

150t0 300 | LDsto LDgg Restricted duty. No further radiation exposure,

elective surgery or wounding

300t0 530 | LDjgto LDsy. Survivors may be | Increased percentage of survivors may be able
ableto returnto light duty after | to return to duty after 5 wks. No further
5wks. No further radiation radiation exposure. May require evacuation
exposure. May require delayed | from theater for adequate therapy.
evacuation from theater

530t0830 | LDspto LDgo. At low end of Early evacuation to tertiary level medical center
exposure range, death may before onset of manifest illness. Patients will
occur in 3-5 wksin 90% require extensive reverse isolation to prevent

crosscontamination and nosocominal infection.
Greater than | LDgot0 LD1go If assets are available, then early evacuation to
830 Expectant Category tertiary level medical center during manifest

illness. Patient will require extensive reverse
isolation to prevent cross contamination and
nosocomial infection. Most patients will
remain expectant.

Reference: AMedP-6(C) Draft from AFRRI




NuUCLEAR WEAPONS 2-35

Table2-S (Part 2): Disposition of Radiation Injury in Nuclear War

Clinical Remarks

Mild lymphocyte depression within 24 hrs

Moderate drop in lymphocyte, platelet, and granulocyte counts. Increased susceptibility to
opportunistic pathogens.

If there are more than 1.7x 10° lymphocytes per liter 48 hrs after exposure, it is unlikely that an
individual has recelved afatal dose. Patients with low (300-500) or decreasing lymphocyte
counts, or low granulocyte counts should be considered for cytokine therapy and biologic
dosimetry using metaphase anayisis where available.

Moderate to severe loss of lymphocytes. Follow counts g6h in first few days if possible for
prognosis. Moderate loss of granulocytes and platelets. Hair loss after 14 days,
Thrombocytopenic purpura appears after 3 wks. Consider cytokine therapy and biologic
dosimetry using methphase analysis where available. Loss of crypt cells and Gl barriers may
allow pathogenic and opportunistic bacterial infection. Use alimentary nutrition to encourage
crypt cell growth. Avoid parenteral nutrition and central intravenous lines.

Practically no lymphocytes after 48 hrs. Severe drop in granulocytes and platelets later. In pure
radiation exposure scenarios, these patients will require highest priority evacuation. The latent
period between prodroma symptoms and manifest illness may be very short. When this radiation
injury is combined with any significant physical trauma, survival rates will approach zero. All
surgical procedures must be accomplished in initial 36-48 hrs after irradiation. Any additiona
surgery must be delayed until 6 wks post exposure.

Bone marrow totally depleted within days. Bone marrow transplant may or may not improve
ultimate outcome, due to late radiation pneumonitis and fibrotic complications. Even minor
wounds may prove ultimately fatal.

Aggressive therapy is indicated when resources are available and transport to atertiary care
medical center is possible.
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Figure2-F: Clinical Effects of Whole Body Irradiation in Humans
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Reference: Figure 6-V from FM 8-9 (Part 1).

Figure2-G: DoseversusLD for Whole Body Irradiation
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1- Doseresponse for low dose rate exposures (fallout),
2 - Dose response for uncomplicated prompt exposure.
3 - Doseresponse for prompt exposure complicated by combined injury.

Reference: Figure 6-V from FM 8-9 (Part 1).
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Background

Increased risk from radiological hazards may exist in areas where ionizing radiation levels are
elevated above norma background levels. In some cases the radioactive material must be
internalized in order to present a hazard to the individua. On the battlefield, the primary
radiological threats are from radiological dispersal weapons, industrial and medica sources, and
commodities containing radioactive material. The threat may be very localized such as a
diagnostic nuclear medicine source in a single room in a hospital or wide spread environmental
contamination such as the falout from the accident at Chernobyl. The primary consequence of
exposure to low levels of radiation is an increase in the risk of developing cancer in the longer-
term post exposure. To minimize the threats from radiological hazards, one needs to identify the
sources of the hazards, understand the health risk from the hazards, use precautions to avoid
exposures, and document the situation.

There are severa commands that provide assistance in identifying and understanding radiological
hazards. The AFMIC can provide information on specific sites and hazards. For example, one
would cal AFMIC if they want to know if there are known radiologica hazards in a specific area
USACHPPM can answer questions and provide training about the health risks for the various
radiological hazards. For example one would cal USACHPPM to inquire about the health risk
for a commodity containing radioactive material. For measurement of radiation in deployed
situations, either USACHPPM or the 520" TAML can provide assistance beyond the detection
capabilities of normal field units. In some cases, a Nuclear Medical Science Officer (72A) will
deploy with a Medical Group or Battalion. These officers can provide information on the
identification, detection, and health risk of radiological material. The DOE, FEMA, and specialty
teams such as RADCON handles accidents involving nuclear weapons (Broken Arrows). For
specific information about commodities containing radioactive material, contact the license
manager for that item. TB 43-0116 lists radioactive/commodities in the system.

Natural Background L evels of Radiation

Reference: USACHPPM’s TG 238 and ACALA'’ s Radioactive Material Handling Safety.

Unlike many chemica and biological agents, radiation and radiological material exist naturaly.
On average, U.S. citizens received 0.350 cGy of radiation per year. This number includes both
external radiation sources such as cosmic radiation and radiation that we internalize through
ingestion and inhalation such as radon. The background radiation leve is fairly constant over the
world, being 8x10° to 15x10° cGy/hr; however, there are some areas that have higher levels.
Higher radiation levels are most commonly due to high concentrations of radioactive mineralsin
soil.

Table 3-A: Background Radiation L evels (external)

L ocation Levels (cGylyr)
New York City 0.091
Denver 0.172
Guarapari, Brazil 0.640

Reference: ACALA’s Radioactive Material Handling Safety
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Radiological Dispersal Weapons

Reference. USACHPPM’s TG 238 and FM 100-5 (Draft).

Radiological weapons also referred to as radiation dispersal weapons (RDWSs), spread radioactive
material contaminating personnel, equipment, and terrain. Unlike a nuclear weapon, the
radiological weapon does not release the radioactivity in a massive burst of energy. Rather, the
radiological weapon acts like a toxic chemical in which the cumulative dose of radiation
eventualy proves harmful or fatal. The advantage of these weapons over nuclear devices is that
nuclear technology is not required. Anyone with access to radioactive material can make one.
Radioactive contaminants can be delivered by a variety of means including human agent, missile,
aircraft, artillery, or the destruction of a facility or vessal containing radioactive material. The
simplest RDW is radioactive materia placed near or in the path of troops.

Radiological weapons are primarily terror and area denial weapons. Because of the time required
to accumulate a disabling dose of radiation through ingestion, inhalation, or exposure, radiological
weapons have limited tactical utility, except as obstacles. Their value to an enemy is ther
psychological effect on civilians and soldiers. These weapons may have a secondary effect on
operations by compelling US commanders to divert resources to decontamination and support of
civil authorities,

Potential sources for RDWs include hospital radiation therapy (Cobalt-60, Cesium-137), nuclear
power fuel rods (Uranium-235, Plutonium), universities and laboratories and radiography and
gauging (Cobalt-60, Cesium-137, Iridium-192, Radium-226). Unclassified sources revea that the
Iragis and Russian separatists in Chechnya have aready demonstrated practical knowledge of
RDWs. The availability of material to make RDWSs will inevitably increase in the future as more
countries pursue nuclear power (and weapons) programs and radioactive material becomes more
available.

There are no official casuaty predictions for RDWs. Because of the nature of the weapon,
verification of the use of the weapons may prove difficult.

Nuclear Power Plants

Reference: USACHPPM'’s TG 238 and IAEA’s Summary report on the post-accident review
meeting on the Chernobyl accident.

Nuclear power plants and the fuel processing cycle may pose athreat to deployed troops. When
possible, troops should be located away from such sites. Information on the location and status of
nuclear power plants can be found at:

A. http://www.cannon.net/~gonyeau/nucl ear/index.htm

B. http://www.insc.anl.gov/ (International Nuclear Safety Center (INSC))

0

http://www.uic.com.au/ (Uranium Information Center)

O

http://www.uilondon.org/netpower.html (Reactor status and the net power worldwide).

m

http://www?2.ijs.si/~icjt/npplist.html (Contains pictures of most of the power plants).
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Mining and ore processing. The nuclear fuel cycle is the cycle of uranium in the process of
producing electricity via nuclear power plants. Uranium is mined in a number of countriesin both
open pit and underground mines. The ore undergoes several processing operations and
conversions before it can be used in the reactors.

Reactors. There are a number of different types of nuclear reactors. In the US and NATO
nations, most reactors will have a large dome for containment and cooling towers. Reactors built
elsawhere may look more like large warehouses or factories. The heat generated in a nuclear
reactor is used to produce steam and drive turbines connected to electricity generators.
Therefore, most reactors are near water. Fuel removed from a reactor, after it has reached the
end of its useful life, can be reprocessed to produce new fuel. The various activities associated
with the production of eectricity from nuclear reactions collectively form the nuclear fuel cycle.
The cycle includes mining, milling, conversion, enrichment, fuel fabrication, reactor operations,
and disposal of waste. The next severa photographs are provided to help one identify nuclear
reactors.

Spent fuel. Spent fuel is generaly held in the storage pools for a minimum of about five months. A
minimum cooling period of 150 days is generally required and commonly used as a point of reference
in light water reactors. The main objective of the 150-day cooling period is to alow for substantial
decay of lodine-131. lodine is readily volatile and release to the environment must be minimized.
After the 150-days of cooling, the major contributors to the radioactivity of spent fuel are strontium,
zirconium, niobium, ruthenium, cesium, and some rare earth el ements.

Radiological Hazards. Nuclear reactors produce several potentialy dangerous radioactive materials.
lodine-131 and lodine-133 are produced in relatively large yield in uranium fission and can be taken up
by the thyroid. Cesium-134 and Cesium-137 are aso produced in significant amounts in fission.
Cesium becomes uniformly distributed throughout the body and becomes a beta-gamma source
irradiating all organs. Cesium can enter the body by consuming water, milk, or fish from the vicinity of
the liquid effluent discharge of the plant. The interna (lung) dose from inhalation of radioactive
isotopes of noble gases, which may be found as part of airborne effluents, is very small. If adequate
holdup is provided before release to the atmosphere, exposure to short-lived noble gases, such as
Xenon-133 and Krypton-88 can be minimized during normal operations. However, long-lived
Krypton-85 may cause significant exposure if there is aimospheric accumulation. Gaseous and liquid
effluents contain tritium. However, tritium can accumulate in the environment, as Krypton-85 does.
The whole body dose from tritium would depend on the amount deposited in the body, which can be
directly related to the concentration found in the food (including milk) and water consumed.

Medical Response. If nuclear power plants are identified as a threat to the AOR, medical
operation personnel should undertake the following efforts. First, medical units must develop
local procedures to treat, decontaminate, and transport contaminated patients. Second, medical
units should look at the prepositioning or availability of potassium iodine for blocking uptake by
|-131 to the thyroid. The use of potassium iodine should be cleared with the command surgeon.
US government personnel and their dependents should be included in the plan. Third, the J-5 cell
of the task force for the area is usually responsible for hazard predictions and that analysis. The
medical community must work with this cell to ensure that they are aware of the hazards and
contingency plans have been made. These plans should be trained and exercised. Concerns to be
aware of during the exercises are movement of US forces in the plume area, the flow of patients
out of the contaminated area, and the spread of contamination.
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Table 3-B: Radiation exposure pathways from nuclear plants

Radionuclide Effluent Exposur e Pathway Critical Organ
lodine Airborne Ground deposition (external) Whole body
Air inhalation Thyroid
Grass® cow ® milk Thyroid
Leafy vegetables Thyroid
Liquid Drinking water Thyroid
Fish (and shellfish consumption) Thyroid
Tritium Airborne Submersion (external) Skin
Air inhalation Whole body
Liquid Drinking water Whole body
Food consumption Whole body
Cesium Airborne Ground deposition (external) Whole body
Grass ® cow ® milk or meat Whole body
Inhalation Whole body
Liquid Sediments (external) Whole body
Drinking water Whole body
Fish consumption Whole body
Metals (iron, Liquid Drinking water Gl tract
cobalt, nickel, zinc, Fish consumption Gl track
manganese)
Direct radiation from plant External Whole body

Reference: USACHPPM's TG 238.

Industrial Sourcesof Radiological Hazards

Reference. AFMIC's Identification of Radiation Sources in a Peacetime Environment, Shieien
1983, Shleien 1992, and USACHPPM's TG 238.

The table below gives a brief summary of locations and sources that may be involved in potential
radiation exposures. For more detail, please refer to the reference document.

Low-Level Radioactive Waste Disposal. Low-level radioactive waste is produced by users of
radioactive materials, including hospitals, research laboratories, universities, manufacturers, and
nuclear power plants. Nuclear power plants produce most of the volume and radioactivity of
low-level radioactive waste. All low-level wasteis solid. It consists of common, everyday items such
as protective clothing, gloves, supplies, and tools that have come in contact with radioactive materials.
It does not include used fuel from nuclear power plants. The level of radioactivity in amost all
low-level waste decays to background levels within weeks, months, or years. A small percentage stays
radioactive for about 500 years.
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Table 3-C: Industrial Sources of Radiation
L ocations and Radiation Sources Source Strength Comments
Materials
Gauges, Sources, Iridium-192, Cesum- | Greater than about | Sealed sources, and if
Static Eliminators 137, Cobalt-60, 4TBq leaking, surface
Radium-226, contamination.
neutrons, Americium-
241, Polonium-210
X-ray Machine X-rays, protons, ~4 TBqto ~ Anywherein an
Sterilizers, deuterons, electrons, | 40PBq industrial area. Be aware
Processors, and gammas, Cesium-137, of possible activation
Particle Accelerators | Cobalt-60 products.

Mineral Extraction

Naturally Occurring

Generdly low level

Dispersed low level

and Processing — Radioactive Materias | with external material and scae
including phosphate - Uranium, Thorium, | exposures from buildup in piping. Also,
fertilizers, oil, natural | and progeny background to gauges as noted above.
gas, and coal. about 0.01mSv It is possible for radon to
(1 mrem) be of concern.
Power Sources Plutonium-238, Plutonium-238: up | In equipment in isolated
Strontium-90 to 4 GBq areas.
Strontium-90: up
to1TBq

Radi ol uminescent
Materids

Promethium-147,
Tritium, Radium-226

Up to tens of TBq

Various areas, and if
leaking, surface
contamination.

Reference: Shleien 83, Shleien 92.

M edical Sources of Radiological Hazards

Reference. AFMIC's Identification of Radiation Sources in a Peacetime Environment, Shieien
83, Shleilen 92, and USACHPPM's TG 238.

Biomedical sources of radiation are readily available at hospitals and some laboratories and
present a hazard if exposure to individuals occurs or if they are dispersed to the environment. The
table below gives a brief summary of locations and sources that may be involved in potential
radiation exposures. For more detail, please refer to the reference document.

lodine-125 sources. lodine-125 is widely used for permanent implants in radiotherapy. The
encapsulation consists of a 0.05 mm thick titanium tube welded at both ends to form a cylindrica
capsule of dimensions 4.5 x 0.8 mm. lodine-125 decays exclusively by electron capture to an
excited state of Technetium-125, which then emits a 35.5 keV photon. Characteristic x-rays in
the range of 27 to 35 keV aso are produced due to the electron capture and internal conversion
processes.
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Cobalt-60. A typica teletherapy Cobalt-60 source is a cylinder of diameter ranging from 1.0 to
2.0 cm and is positioned in the cobalt unit with its circular end facing the patient. The sourcehead
houses the source. The Gamma Knife is another type of Cobalt-60 that contains hundreds of
sources in the collimator helmet. Each radiation source is composed of Cobalt-60 pellets that are
contained in double stainless stedl capsules with welded closures.

Radium. The radium source used in brachytherapy uses mostly radium sulfate or radium chloride
mixed with an inert filler and loaded into cells about 1 cm long and 1 mm in diameter. These cells
are made of 0.1- to 0.2- mm-thick gold foil. Radium sources are manufactured as needles or
tubesin avariety of lengths and activities. Leakage of radon gas from a radium source represents
a significant hazard if the source is broken. The sources are, however, doubly encapsulated to
prevent such an occurrence. Cesium-137 has replaced radium, at least in the US.

Table3-D: Medical and Resear ch Sour ces of Radiation

L ocations and Radiation Sources Source Strength Comments
Materials
Cancer Cobalt-60 and Cesum-137 | ~1 to several 10 Gy Found in therapy
Treatment Areas over several hoursat | rooms.
about one meter if the
source is exposed.
Sources and Cesium-137, Iridium-192, | Tensof MBq Therapy and nuclear
Applicators Radium-226, medicine aress.
Phosphorous-32,
Stronium-90, lodine-125
Radiopharma- lodine-131, lodine-123, Tens of MBQ Storage, nuclear
ceuticals Technetium-99™, medicine areas and
Thalium-201, Xenon-133 transportation.
X-ray Machines | X-rays and Electrons ~0.01 Gy min™ at the | Radiology or therapy
and Accelerators source rooms.
Various Sources | Tritium, Carbon-14, Up to tens of TBq Various areas, and if
and Devices Sodium-22, Sodium-24, leaking, surface
Sulfur-35, Calcium-45, contamination.
Cobalt-60
Particle X-rays, aphas, protons, ~4TBqto~40PBg | Anywhereinan
Accelerators deuterons, electrons, industrial area. Be
gammas aware of possible
activation products.
Experimental Fission products, neutrons, | Up to tens of TBq Various areas, up to
Reactors and fissle and fissionable square kilometersin
Critica material, transuranics the case of widespread
Assemblies contamination.

Reference: Shleien 83, Shleien 92.
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X-ray machinesand Accelerators

X-ray units and accelerators produce x-rays only when the exposure switch is engaged. As soon
as the switch is released, or the pre-set exposure time is reached, x-ray production ends. Unless
the equipment is operationa at the moment of possible exposure, these machines present no
potential harm to soldiers. Some high-energy accelerators may produce activation products, but
most of these have short half-lives.

Army Commodities

Reference: USACHPPM’s TG 238 and ACALA’ s Radioactive Material Handling Safety.

Identification. This section is for the IDENTIFICATION of radioactive sources only. The
hazards of the given isotopes are covered later in the chapter. Further information on specific
items of interest may be found in TB 43-0116, Identification of Radioactive Itemsin the Army, as
well as AST-1500Z-100-93, Identification Guide for Radioactive Sources in Foreign Materiel. TB
43-0116 includes item NSNs, end-item NSNs, specific isotope and activity present, and the
inventory control point (in most cases, this number indicates the license holder for that
commodity). The foreign material document contains physical data on the description, location,
and radioactive sources in the items.

Accidents. Any incidents involving radioactive sources should be reported to the unit’s radiation
safety officer (RSO). They should inform the license manager the incidents.

Disposal. For additional information about commodities contact the Industrial Operations
Command (I0C). 10C has been designated as the responsible command for the safe disposal of
al unwanted, low-level radioactive material in the US Army. Specifically, the IOC’s Radioactive
Waste Disposal office (AMSMC-RW) has been appointed the Program Manager. AMSMC-RW
is accountable for providing information and guidance to all US Army “generators’ of unwanted
radioactive materia to prevent violation of Federal and State regulations, thereby assuring safe
and legal transport and burial of the material. A “radioactive waste generator” can be a DS
maintenance shop, depot, etc. In all cases the post RSO or Safety Officer should be made aware
that there is radioactive waste.

Fire Control Devices. The fire control devices used with mortars, howitzers, and tanks use
tritium sources to illuminate them in low light conditions.

A. A single howitzer can have 6 or more fire control devices, each of which can contain several
tritium light sources. The fire control devices that contain the most tritium are collimators and
aiming lights. These items must be visible from a distance of severa meters. In al cases, the
equipment and its carrying case should have warning labels attached. A number of accidents have
occurred when tritium sources were damaged by attempting to purge them using a high pressure
purging kit. Some of the doses received during these accidents have been in excess of 1.5 cGy.

B. Tritiumisalow energy betaemitter. Thislow energy beta particle cannot penetrate the intact
Pyrex tube. However, if the tube is broken, the tritium gas will dissipate, and outer surfaces of
the device as well as surfaces in the near vicinity of the break may become contaminated. No
maintenance action can be performed on devices that contain tritium if it is suspected that the
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Pyrex tube containing the tritium gas has been broken or is leaking. Lack of illumination is an
indication that the source may be damaged.

Depleted Uranium (DU) munitions. Because of its high density and structural properties, DU can
be applied defensively to protect against penetration by projectiles made of 1ess dense metals, such
as tungstoncarbide subprojectiles. DU can be applied offensively as projectiles to defeat armored
targets. US Abrams tanks, Bradley Fighting vehicles, the Marine Corps AV-8B Harrier aircraft,
and the Air Force's A-10 aircraft fire DU munitions. DU ammunition is NOT used for training.

A. Armor. The newest M1A1 tanks, dubbed "Heavies,” have depleted uranium packets
"molded" into the turret armor. A “U” at the end of the turret serial number identifies tanks with
this material. The M1A2 tanks also contain these DU packets in the turret armor package.

B. Munitions. The combination of high hardness, strength, and density makes DU alloys well
suited for armor piercing projectiles. Most DU munitions are identifiable by their black color with
white markings on the projectile end. However, corrosion may ater this color. All peacetime
firings are prohibited except on ranges which are approved and licensed by the NRC and/or have
host nation agreement.

Figure 3-A: M1A1 Infinity Collimator (contains 10 Ci of Tritium)
~— 3 tritium is located here

L
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Table3-E: Commoditiesthat contain Tritium
ltem Activity (Curies)
M1 Series Tank MRS Muzzle Reference Sensor 10.0
M119A1 Howitzer M137A1 Panoramic Telescope 5.1
M187 Telescope Mount & Quadrant 2.65
M90A?2 Straight Telescope 1.6
M 140 Alignment Device 3.0
M 102 Howitzer M113A1 Panoramic Telescope 4.0
M134A1 Telescope Mount 0.15
M114A1 Elbow Telescope 5.6
M14A1 Fire Control Quadrant 2.15
M 140 Alignment Device 3.0
M1A1l Infinity Collimator 10.0
M1A2 Gunner’s Quadrant 0.075
M58 Aiming Post Light 5.0
M59 Aiming Post Light 9.0
M 198 Howitzer M137 Panoramic Telescope 5.1
M171 Telescope Mount 0.15
M17 Fire Control Quadrant 1.875
M18 Fire Control Quadrant 1.95
M139 Alignment Device 3.0
M1A1l Infinity Collimator 10.0
M1A2 Gunner’s Quadrant 0.075
M138 Elbow Telescope 4.4
M110 & M109 | M140 Alignment Device 3.0
Series Self-Propelled
Howitzer
M 224 Mortar M58 Aiming Post Light 5.0
M59 Aiming Post Light 9.0
M64A1 Sight Unit w/ M9 Elbow Telescope 6.69
Range Indicator 3.2
M 121 Mortar and M58 Aiming Post Light 5.0
252 Mortar M59 Aiming Post Light 9.0
M64A1 Sight Unit w/ M9 Elbow Telescope 6.69
M 120 Mortar M58 & M59 | Aiming Post Light 9.0
MG67A1 Sight Unit w/ M9 Elbow Telescope 5.79
M16A1 Rifle Front Sight Post 0.009
M 11 Pistol, 9mm Front Sight Post
Rear Sight Assembly

Reference: ACALA'’s Radioactive Material Handling Safety and CECOM-TR-11.
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Figure3-B: M1 Tank with DU Armor

Armor package containing DU

Table3-F: DU Munitions

Tank Ammunition Bradley Airforce Marines
105 mm 120 mm 25 mm 30 mm 25 mm
M900 M829 M919 PGU-14/B PGU-20
M774* M829A1 PGU-14A/B
M833* M829A2 PGU-14B/B
M827* PGU-14A/A

*No longer fielded or in inventory
Reference: ACALA'’s Radioactive Material Handling Safety and CECOM-TR-11.

Thermal Optics. Thermal optics possesses a multi-layered infrared anti-reflective coating that
contains Thorium-232 as a fluoride compound (thorium tetrafluoride). This hard coating is
covered with a protective layer of a non-radioactive compound that prevents direct contact with
the thorium surface. Care should be taken in the handling of these optical components to avoid
inhalation and/or ingestion of any particles inadvertently chipped or scratched. Prompt first aid
attention should be given to anyone receiving a cut caused by broken and/or chipped thorium
fluoride coated lenses. Prompt cleansing of the wound to minimize entrance of thorium particles
into the body is extremely important and the Safety Officer must be notified at once. Wearing
rubber gloves to handle lenses provides protection from contaminated dust on chipped or broken
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thermal optics. Maintenance personnel should also wash their hands with mild soap and water
after handling thermal lenses or windows.

Figure 3-D: Thermal Opticson M1 Tank

M8A1 Chemica Alarm. A component of the M43AL1 is a cell module that contains a radioactive source of 250
UCi of Americium-241. The M43A1 Chemical Agent Detector is a component of the M8A1 alarm. The sourceis
located in the cell module of the detector. It consists of afoil disc made of 250 LCi of Americium-241 oxide in a
gold matrix contained between a gold-paladium aloy face and a silver backing. The disc is affixed onto a metal
screen that is secured by a retaining ring within the sensing housing. This source is considered a “special form”
source. See the equipment chapter for more information.

CAM. The Chemical Agent Monitor (CAM) uses 10 millicuries (mCi) of Nickel-63 plated on a
brass foil cylinder inside a Teflon housing that is installed in a larger aluminum aloy cylinder. See
the equipment chapter for more information.

Density and Moisture Tester (MC-1). A 50 mCi mixture of Americium-241 and Beryllium is located within
the base of the MC-1 (about 200 times more than is used in the M43A1 Chemica Agent Detector). Neutron
emission occurs when an alpha particle emitter such as Americium-241 is mixed with Beryllium (Be) powder in a
tightly compressed pellet. The MC-1 aso has a 10 mCi Cesium-137 source located in a probe tip used to
determine the density of the soil at a construction site. This source is classified as a “ special form” source and is
double-encapsulated in stainless steel. TACOM is the NRC license holder for the MC-1 and is responsible for
item management.

Check Sources. The following isotopes have been used by the military as check sources: Cobalt-
60, Krypton-85, Strontium-90, Barium-133, Cesium-137, Lead-210, Radium-226, Thorium-232,
Uranium-238, and Plutonium-239. As such, they are normally found as sealed sources associated
with radiation detection instrumentation or in a calibration lab, and would take some serious effort
to release to the environment. Sealed sources represent an external exposure hazard only (unless
they are physically destroyed). One other item that should be considered with respect to sealed
source beta emitters is that they are often associated with lower energy. The other sources are
gamma emitters, with the exception of the Am-Be source that produces neutrons. The gamma
emitters will expose the whole body externally, as will the neutron source. The sealed sources
will be detected in most cases using the AN/PDR-77 with the beta/gamma probe.

Dias and Gauges. Radium-226 was used on the faces and pointers of dials and gauges of instrument panelsin
tactical and combat vehicles. These items are no longer in DOD storage depots and have not been procured since
1969. The easiest way to tell for sureif a gauge or dial might contain radium or some other radioactive materia is
to check it with a radiac meter (but remember that fielded radiac instruments cannot detect tritium). There is also
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an additional hazard from the Radium-226 progeny, such that they will cause some externa
exposure, and Radon-222 gas can escape from the instrument. These problems can cause area or

personnel contamination as well as personnel inhalation or ingestion exposures. Foreign vehicles
may contain a variety of radioactive sources to include Radium-226.

General Operational Guidance

Reference: FM 8-9, FM 8-10-7, AMEDD Center and School’s Effects of Nuclear Weapons and
Directed Energy on Military Operations, and DOD 5100.52-M (Nuclear Accent Response
Procedures Manual — NARP).

Time, Distance, and Shielding.

A. Time (Minimizing Exposure Time). The less time spent within a radiation field, the lower the
dose. By having mock-ups and tria runs of jobs where the possibility of significant exposures
exists, workers can minimize their doses.

B. Distance (Maximizing Distance from the Radiation Source). The inverse square law states
that the dose rate from a point source decreases with the square of the distance from the source.
For example, if the dose rate at 1 meter from a source is 0.100 cGy/h, at 2 meters the dose rate
will be about one quarter or 0.025 cGy/h. The larger the distance from a radiation source the
lower the dose.

C. Shidding (Shielding the Radiation Source). Properly shielding a radioactive source requires
knowledge of the type of radiation being emitted. For example, one would use a different type of
shield from a beta and apha source than for a gamma source because of their different ranges in
air and materia (tissue). In general, exposure can be reduced/minimized with the appropriate
shielding design.

D. Alpha Shielding. Alpha particles are heavy charged particles with very low rangein air. They
can be stopped with a sheet of paper or at the skin. The problem arises when externa
contamination with alpha particles or airborne exposure leads to internal contamination. Any light
clothing or gloves used to prevent contamination of underlying clothing or the body will provide
protection automatically from this type of externa radiation.

E. Beta Shielding. Although beta particles can travel significant distances in air, solid materials
easly stop them. A sheet of aluminum can stop most beta emissions. Beta emitting sources
should be handled with care. Eye-protection should be used when handling Beta emitters.

F. Gamma shielding. Gamma ray photons are typicaly more penetrating than apha and beta
particles, and can present an externa radiation hazard. Shielding of gamma ray photons is a
function of absorber thickness and density and is based on the probability that the gamma ray
photons will interact with the medium with which they pass through. As the thickness of an
absorber is increased, the intensity of the gamma radiation will decrease. Higher density media
like lead, tungsten, steel, and concrete are good for shielding gamma ray photons.

Internal Hazards. In many cases, the primary health hazard from radiation is through internal
contamination (usualy inhalation). The rate at which contamination may be inhaled is highest
during the initia period following the accident when a substantial quantity of contamination
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maybe airborne. Limiting the access to the area until contaminates settle may reduce the
contamination of personnel. If thisisnot possible, use respiratory protection.

Radiation Surveys. Environmental radiation surveys are performed to record background levels
of radiation and radionuclide concentrations in the environment. Surveys should be part of the
planning strategy when dealing with possible radiation exposure. Routine surveys would generate
adequate control of the present environmental exposures and possible contamination incidents.

Personnel Dosimetry. Personnel dosimeters are needed to estimate the actual dose received by an
individual. Dose rates change with changing conditions; the time spent in a given area is often not
known, and sometimes surveys are misleading. Personnel dosimeters are the dose values of
record whereas survey reports are used in planning jobs.

Skin Contamination. To reduce skin contamination and the chances of spreading contamination,
it is essential to use gloves, remote handling tools (when appropriate), and other precautions.
However, these precautions may increase the time spent in the radiation field and increase the
overall dose to the exposed individual.

Bioassay. Bioassay should be performed in conjunction with other survey data. Such situations
include being in or near a vehicle as it is hit by a DU round or after it has been hit, climbing on
such vehicles before they are completely decontaminated, or being in a room when afiring control
device containing tritium breaks. Because of the advanced armor, munitions that penetrate the
armor of a M1 should be assumed to be DU. Also assume al tanks and vehicles killed by US
forces are contaminated with DU. Many foreign vehicles use radium for dias and gauges.
Foreign vehicles may contain other radioactive commodities. Bioassay samples from personnel in
contact with damaged foreign vehicles should be analyzed for these commodities. USACHPPM's
TG 211, Radiobioassay collection, Labeling, and Shipping Requirements, contains the procedures
for submitting a bioassay sample.

Contaminated Food and Water.

A. Operationa rations are safe when surface decontamination is performed before breaking the
package. The package should be thoroughly washed with water to remove the contamination.

B. If a nuclear weapon is used, rations stored closed to ground zero may become radioactive
from induced radiation, but it is more likely that they would be destroyed by the thermal pulse.

C. Food harvested from an area that is contaminated by radiation may present a hazard. Meats
and milk are the most vulnerable products because of the possibility for concentrations of
radioactive isotopes (strontium, cesum, and iodine). All unpackaged and uncovered food, such
as vegetables, fruits, and carcass meats, should be considered contaminated if obtained from a
known area of contamination. If food supplies are critically low, the contaminated supplies may
have to be consumed. In this event, it may be advisable to dilute the contaminated food by mixing
with uncontaminated food. For more information, see page 1-34 of Effects of Nuclear Weapons
and Directed Energy on Military Operations published by the AMEDD Center and School.

Radioisotopes from Nuclear Weapons

This section contains tables listing the principa radionuclides induced in soil by a fission weapon
and the approximate yields of the principal nuclides from such weapons.



3-16 THE MEDICAL NBC BATTLEBOOK

Table3-G: Principal Radionuclides Induced in Soil

| sotope Half Life Ci per megaton
Sodium-24 15 hours 2.8 x 10"
Phosphorus-32 14 days 1.92 x 10°

Potassium-42 12 hours 3x 10"
Calcium-45 152 days 4.7 x 10’
M olybdenum-56 2.6 hours 3.4 x 10"
Iron-55 2.9 years 1.7 x 10’
Iron-59 46 days 2.2 x 10°
One Ci = 37 GBaq.

Reference: Eisenbud (1997)

Table3-H: Approximate Yields of the Principal Nuclides per M egaton of Fission

Nuclide Half-Life Mci
Strontium-89 53 days 20.0
Strontium-90 28 years 0.1
Zirconium-95 65 days 25.0

Ruthenium-103 40 days 18.5

Ruthenium-106 1 year 0.29
lodine-131 8 days 125.0
Cesium-137 30 years 0.16
Cerium-131 1 year 39.0
Cerium-144 33 days 3.7

One MCi = 37 PBq
Reference: Eisenbud (1997)

3.11. Nuclear Weapon Accident

Information concerning nuclear weapon accidents is currently under revision at DTRA (DOD
3150.8M) and, for Army specific subjects, USANCA (AR 50-5 & DA Pam 50-5). Please refer to
these publications for information.

3.12. Hazard Predictions of Radiological Releases

1. Reference: Joint Pub 3-11 (Draft)

2. Joint Pub 3-11 (Draft) covers the procedures to warn and report NBC releases including Releases
Other Than Attack (ROTA). Thisinformation is not reproduced here since the publication is till
under review. ROTAs include NBC releases due to damaged or destroyed storage bunkers,
transport vehicles, storage or production facilities, ammunition supply sites, power plants, etc. It
also includes the use of radiation dispersal devices.
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Table 3-I: Description of Radiological ROTA Cases
ROTA Cases| Description of ROTA Cases Remarks

Nuclear material released into Can result in very high levels of radiation
Nuclear atmosphere from damaged covering distances of hundreds of kilomters.
Reactor nuclear reactors, nuclear fuel

storage, and production facilities.
Nuclear Damage to a nuclear or Low-level radiation covering afairly short
storage radiological material storage distance. Intentional release of large amounts
materia facility. of radiological material, can result in hazard

areas extending far downwind.

Reference: Table E-2-5 of Joint Pub 3-11 (Draft).

Table3-J: Radiological Hazard Prediction Methods
Hazard Prediction Procedure Remarks
Cases
Nuclear None currently. (Suggest contacting There are no prediction procedures at
Reactor USACHPPM and DTRA for assistance.) | thistime.
SMALL RELEASE: SMALL RELEASE:
Draw 1 km radius circle around release | Circle becomes exclusion area
Release from | point.. Release area will be very localized,
nuclear and hazard areais not expected to be
materia large. Cloud may be toxic at low
storage levels for an extended time.
facility LARGE RELEASE: LARGE RELEASE:
JP 3-11 suggest using the biological Use this procedure if ahigh level of
hazard prediction type S, Case 2 for radiation as a passing cloud. Release
large releases. However due to security | was probably intentional and large
reasons, the draft did not furnish this quantities of radioactive material may
information. Suggest contacting continue at toxic levels for along
USACHPPM and DTRA for assistance.) | downwind distance.

Reference: Table E-2-6 of Joint Pub 3-11 (Draft).

3.13. Responseto Commodity Accidents
1. Reference: ACALA’s Radioactive Material Handling Safety.
2. Generd. The following are genera guidelines for accidents involving radioactive commodities

and for the use of radiological dispersal weapons.

guidance.

A. Notify al personnel not directly involved to vacate the area.

should vacate to an areathat is up wind of the accident.

Please consult local policy for specific

If a al possible, personnel

B. Hold your breath while switch off al fans and central air circulation equipment.

C. Vacatethe area

D. Close al entrances to the accident area and post guards to prevent unauthorized access.
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E. Notify the local RSO.

F. ldentify to the locad RSO any personnel who may have been exposed to radioactive
contamination.

G. In coordination with the RSO:
@ Decontaminate personnel leaving the area.
2 Remove the hazardous material.
(©)) Decontaminate the area.
4 Perform an area survey to determine effectiveness of decontamination procedures.
(5) Monitor all personnel suspected of being contaminated.

(6) Make sure that proper reporting procedures are implemented. Reporting requirements
depend on the severity of the accident and the degree of contamination. For additional
guidance, contact ACALA.

Tritium Source. If a Tritium source is broken during handling, inform all personnel to vacate the
area and move up wind from the device. When a tritium source breaks or is no longer
illuminated, the local RSO must be notified, and the following actions must be taken under the
direction of the RSO:

A. Anyone who may have touched or handled the broken Pyrex tube should wash as soon as
possible with non-abrasive soap and warm water.

B. Personnel handling the device should wear rubber or latex gloves.

C. The device must be immediately double wrapped in plastic. The outside container must be
labeled “BROKEN TRITIUM DEVICE -- DO NOT OPEN”. Store the broken device outside in
a secured container. Contact the supply item manager of the damaged equipment for disposition
instructions. Dispose of used gloves as radioactive waste per direction of the local RSO, and then
wash hands well.

D. Personnel who may have handled the broken tritium device should report to the health clinic
for atritium bioassay. The optimum bioassay sample time is approximately four hours after the
exposure. A minimum of four hours is necessary for tritium to reach equilibrium in the human
body. Only after this minimum time should a urine sample be taken. For information on bioassay
procedures and to receive bioassay kits, contact the USACHPPM.

E. Broken tritium devices indoors may result in tritium contamination of the workbench, table, or
the surrounding area. The area must be cordoned off and restricted until a wipe test in the area
indicates that no contamination remains on the surface.

F. Dueto tritium’s low energy level, portable detection equipment may not be available that will
detect its presence. The only method of detecting tritium is by performing wipe tests and
evaluating the wipe test on aliquid scintillation counter.

G. Dispose of used gloves as radioactive waste per instructions from the local RSO.
H. Seethe section on Tritium for medical response to exposure.
DU Incidents.
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A. TB 9-1300-278 details the safe response to accidents involving army tank munitions that
contain depleted uranium. CTT Task 031-503-1017, Respond to Depleted Uranium/Low Level
Radioactive Materials (DULLRAM) Hazards (draft) details the response of individua soldiers to
these hazards.

B. Required notification: 10C.

C. In generd, individuals in the vicinity of the incident should wear some type of respiratory
protection, cover exposed skin, decontaminate as soon as possible, and submit bioassay samples
for anaysis.

D. Safe distances for storage sites. Munitions in storage pose little threat to soldiers. During an
incident, the area downwind from the incident should be evacuated. The recommended
evacuation area downwind depends on the number of rounds involved in the accident. For 200
rounds, 122 mis recommended. For 5000 rounds, 1800 m is recommended.

E. CTT Task 031-503-1017 recommends a safe distance of 50 m from vehicles hit by DU. The
use of depleted uranium munitions will probably be wide spread in future conflicts. Treat al
personnel wounded whilein avehicle asif they were wounded by DU until proven otherwise.

Medical Planning Specific to Radiological Contaminated Areas

References. FM 8-9 (Part I) and FM 8-10-7.

See Annex C of FM 8-9, Part 1 for “General Guidelines for Medical Support in Nuclear
Accidents.”

Protective Clothing. Protective clothing generaly consists of coveralls made of closely woven
material. Two pair of such coveralls are usually worn, along with cotton or rubber gloves, rubber
boots, and protective caps or hoods. All openings, such as where the gloves overlap the seeves,
are sealed, usualy with adhesive masking tape. It has been found that untreated cotton fabricisa
reasonably effective barrier to dust and that it is easily decontaminated by normal laundering
procedures. Furthermore, water vapor can penetrate the fabric, thus enabling normal body
cooling mechanisms to function. However, this allows tritium to penetrate the materia since it
can form water molecules. Finaly, clothing worn for protection against particulate contamination
will become contaminated itself and must be removed as an individual leaves a contaminated area
The way in which the clothing is removed must be carefully supervised so personnel do not
contaminate themsel ves during the procedure.

Inhalation Protection. Clothing must be worn with an efficient full-face mask in order to achieve
reasonable protection against particulate aerosols with a high percentage of very small particles.
Standard military protective masks are excellent protection for most hazards. Personnel inside
ambulances should wear them until the patients are brought to the medical facility. Standard
surgi